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Chapter 3 
THE Z80 ASSEMBLY LANGUAGE 
INSTRUCTION SET 

We are now ready to »tart writing assembly language programs. We begin in this 
chapter by defining the individual instructions of the Z80 assembly language in- 
struction set, plus the syntax rules of the ZIlog assembler. 

We do not discuss any aspects of microcomputer hardware, signals, interfaces, or 
CPU architecture in this book. This information is described in detail in An Introduction 
to Microcomputers: Volume 2— Some Real Microprocessors and Volume 3 — Some 
Real Support Devices , while Z80 Programming for Logic Design discusses assembly 
language as an extension of digital logic. In this book, we look at programming tech- 
niques from the assembly language programmer's viewpoint, where pins and sig- 
nals are Irrelevant and there are no important differences between a minicom- 
puter and a microcomputer. 

Interrupts, direct memory access, and the Stack architecture for the Z80 will be de- 
scribed in later chapters of this book, in conjunction with assembly language program- 
ming discussions of the same subjects. 

This chapter contains a detailed definition of each assembly language instruction. 
These definitions are identical to those found in Chapter 6 of Z80 Programming for 
Logic Design. 

The detailed description of individual instructions is preceded by a general discussion 
of the Z80 instruction set that divides instructions into those which are commonly 
used, infrequently used, and rarely used. If you are an experienced assembly language 
programmer, this categorization is not particularly important — and. depending on your 
own programming prejudices, it may not even be accurate. If you are a novice assembly 
language programmer, we recommend that you begin by writing programs using only 
instructions in the "commonly used" category. Once you have mastered the concepts 
of assembly language programming, you may examine other instructions and use them 
where appropriate. 
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CPU REGISTERS AND STATUS FLAGS 

The CPU registers and status flags for the Z80 may be illustrated as follows: 
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The Accumulator is the primary source and destination for one-operand and two- 
operand instructions. For example, the shortest and fastest data transfers between the 
CPU and I/O devices are performed through the Accumulator, In addition, more Memo- 
ry Reference instructions move data between the Accumulator and memory than bet- 
ween any other register and memory All 8-bit arithmetic and Boolean instructions take 
one of the operands from the Accumulator and return the result to the Accumulator. An 
instruction must therefore load the Accumulator before the Z80 can perform any 8- 
bit arithmetic or Boolean operations. 

The B, C, D, E, H, and L registers are all secondary registers. Data stored in any of 
these six registers may be accessed with equal ease: such data can be moved to any 
other register or can be used as the second operand in two-operand instructions. 

There are, however, some important differences in the functions of Registers B. C, D, E, 
H. and L. 

Registers H and L are the primary Data Pointer for the Z80. That is to say, you will 
normally use these two registers to hold the 16-bit memory address of data being ac- 
cessed. Data may be transferred between any registers and the memory location ad- 
dressed by H and L. Since HL is the primary Data Pointer, it often takes fewer bytes of 
object code and less instruction cycles to perform operations with it. The Z80 program- 
mer should try to address data memory via Registers H and L whenever possible. 

Within your program logic, always reserve Registers H and L to hold a data memo- 
ry address. 
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Registers B, C, D, and E provide secondary data storage; frequently, the second 
operand for two-operand instructions is stored in one of these four registers. (The first 
operand is stored in the Accumulator, which is also the destination for the result.) 

There are a limited number of instructions that treat Registers B and C, or D and E, 
as 16-bit Data Pointers. But these instructions move data between memory and the 
Accumulator only. 

In your program logic you should normally use Registers B, C, D, and E as tempor- 
ary storage for data or addresses. 

Registers IX and lY are index registers. They provide a limited indexing capability of 
the type described in An Introduction to Microcomputers: Volume 1 for short instruc- 
tions. 

The alternate registers F', A', B', C, D', E', H', and L' provide a duplicate set of 
general purpose registers. Just two single-byte Exchange instructions select and 
deselect all alternate registers; one instruction exchanges AF and the alternate AF' 
as a register pair, and one instruction exchanges BC, DE, and HL with the alternate BC, 
DE', and HL'. Once selected, all subsequent register operations are performed on the ac- 
tive set until the next exchange selects the inactive set The alternate registers can be 
reserved for use when a fast interrupt response is required. Or. they may be used in 
any desired way by the programmer. 

There are a number of instructions that handle 16 bits of data at a time. These in- 
structions refer to pairs of CPU registers as follows: 
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The combination of the Accumulator and flags, treated as a 1 6-bit unit, is used only for 
Stack operations and alternate register switches Arithmetic operations access B and C, 
D and E, or H and L as 16-bit data units. 

The Carry status flag holds carries out of the most significant bit in any arithmetic 
operation. The Carry flag is also included in Shift instructions; it is reset by Boolean in- 
structions. 

The Subtract flag is designed for internal use during decimal adjust operations This 
flag is set to 1 for all Subtract instructions and reset to for all Add instructions. 

The Parity/Overflow flag is a multiple use flag, depending on the operation being 
performed. For arithmetic operations, it is an overflow flag. For input, rotate, and 
Boolean operations, it is a parity flag, with 1 = even parity and = odd parity. Dur- 
ing block transfer and search operations, it remains set until the byte counter decre- 
ments to zero; then it is reset to zero. It is also set to the current state of the interrupt 
enable flip-flop (IFF2) when a LD A.I or LD A,R instruction is executed. 

The Zero flag is set to 1 when any arithmetic or Boolean operation generates a 
zero result. The Zero status is set to when such an operation generates a non- 
zero result. 
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The Sign status flag acquires the value of the most significant bit of the result 
following the execution of any arithmetic or Boolean instruction. 

The Auxiliary Carry status flag holds any carry from bit 3 to 4 resulting from the 
execution of an arithmetic instruction. The purpose of this status flag is to simplify 
Binary-Coded-Decimal (BCD) operations; this is the standard use of an Auxiliary Carry 
status flag as described in An Introduction to Microcomputers; Volume 1, Chapter 3. 

All of the above status flags keep their current value until an instruction that modifies 
them is executed. Merely changing the value of the Accumulator will not necessarily 
change the value of the status flags. For example, if the Zero flag is set, and a load im- 
mediate to the Accumulator is executed, that causes the Accumulator to acquire a non- 
zero value; the value of the Zero flag remains unchanged. 

The 1 6-bit Stack Pointer allows you to implement a Stack anywhere in addressa- 
ble memory. The size of the Stack is limited only by the amount of addressable memory 
present. In reality you will rarely use more than 256 bytes of memory for your Stack. 
You should use the Stack for accessing subroutines and processing interrupts. Do not 
use the Stack to pass parameters to subroutines. This is not very efficient within the 
limitations of the Z80 instruction set. The Z80 Stack is started at its highest address. A 
Push decrements the Stack Pointer contents; a Pop increments the Stack Pointer con- 
tents 

The Interrupt Vector register and the Refresh register are special-purpose 
registers not normally used by the programmer. 

The Interrupt Vector register is used to store the page address of an interrupt response 
routine; the location on the page is provided by the interrupting device. This scheme 
allows the address of the interrupt response routine to be changed while still providing 
a very fast response time for the interrupting device. 

The Refresh register contains a memory refresh counter in the low-order seven bits. 
This counter is incremented automatically after each instruction fetch and provides the 
next refresh address for dynamic memories. The high-order bit of the Refresh register 
will remain set or reset, depending on how it was loaded at the last LD R,A instruction. 

Z80 MEMORY ADDRESSING MODES 

The Z80 provides extensive addressing modes. These include : 

• Implied 

• Implied Block Transfer with Auto-Increment/Decrement 

• Implied Stack 

• Indexed 

• Direct 

• Program Relative 

• Base Page 

• Register Indirect 

• Immediate 
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Implied 

In implied memory addressing, tlie H and L registers hold the address of the 
memory location being accessed. Data may be moved between the identified memo- 
ry location and any one of the seven CPU registers A, B, C, D, E, H, or L. For example, the 
instruction 

LD C,(HL) 

loads the C register with the contents of the memory location currently pointed to by 
HL. This is illustrated as follows: 
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A limited number of instructions use Registers B and C or D and E as the Data 
Pointer. These instructions move data between the Accunnu later and the ndemory loca- 
tion addressed by Registers B and C or Registers D and E. The instruction 

LD (BC),A 

stores the contents of A into the memory location currently addressed by Register Pair 
BC. This is illustrated as follows: 
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Implied Block Transfer With Auto-Increment/Decrement 

Block Transfer and Search instructions operate on a block of data whose size is 
set by the programmer as the contents of the BC register pair. In this form of ad- 
dressing, a byte of data is moved from the memory location addressed by HL to 
the memory location addressed by DE; then HL and DE are incremented and BC is 
decremented. Data transfer continues until BC reaches zero, at which point the in- 
struction is terminated. Variations include allowing other instructions to follow 
each data transfer, with the programmer supplying the loopback; auto-decrement- 
ing HL and DE instead of auto-incrementing; and a complementary set of Block 
Search instructions that compare the memory byte addressed by HL with the con- 
tents of the A register, setting a flag if a match is found. 

The Load, Increment, and Repeat instruction 

LDIR 

is illustrated as follows: 
Set if BC-1>^0 .reset otherwise 




A similar group of Input/Output instructions is provided, allowing a block of data 
to be input or output between memory and an I/O device. The I/O port nunnber is 
taken as the contents of the C register, with the single B register used as the byte 
counter. Memory is addressed by HL. 
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Implied Stack 

Since the Stack is part of Read/Write memory, we must consider Stack instructions as 
Memory Reference instructions. Push and Pop instructions move two bytes of data 
between a register pair and the addressed Stacit Pointer location, i e., current top- 
of-stack. The Z80 Stack address is decremented with each Push and incremented with 
each Pop. The instruction 

PUSH DE 

is illustrated as follows: 
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The Z80 also has instructions that exchanga the two top-of-stadc bytes with a 
16-blt register — HL or one of the two index registers. The instruction 

EX {SP),HL 

is illustrated as follows: 
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Indexed 

The Z80 has two 16-bit index registers, called IX and lY. They may be used in- 
terchangeably. All memory reference operations for which (HL) can be specified can 
alternatively be specified as an indexed operation. The difference between implied ad- 
dressing using HL and indexed addressing using IX and lY is that the Index operand 
includes a displacement value that is added to the index address. In the instruction 

ADD A,(IX-I-40H) 

the memory address is the sum of the contents of the IX register and ^O^q. This may be 
illustrated as follows; 
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Direct 

Direct addressing can be used to load the Accumulator with any 8-bit value from 
memory, load BC, DE, HL, SP, IX, or I Y with any 1 6-bit memory value, and jump or 
call subroutines direct at any memory location. The 1 6-bit direct address is stored in 
the last two bytes of the instruction, in low-byte high-byte order (this is the reverse of 
the standard high-low scheme). 

The instruction 

LD A,(NETX) 

loads the A register with the contents of the memory location addressed by the label 
NETX. The instruction 

LD HL(IFFH) 

loads the L register with the contents of memory location OlFF^^g and the H register 
with the contents of memory location O2O0.jq. This may be illustrated as follows: 
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The direct Jump instructions provide jumps and jumps-to-subroutines, both un- 
conditional and conditional. These are all 3-byte Instructions, with the direct address 
stored in the second and third bytes of the instruction, as shown above for Load Direct. 

There are three additional addressing modes used by Z80 Branch instruc- 
tions: program relative, base page, and register indirect. In general, they are shorter 
and/or faster than direct jumps but may have more limited addressing capabilities. 
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Program Relative 

Jump Relative instructions provide program relative addressing in the range -126, 
+129 bytes from the first byte of the Program Relative instruction. These instructions 
are all 2-byte instructions, with t*»e signed displacement value stored in the second 
byte of the instruction. There are unoonditionai and conditional relative jumps, as 
well as a Decrement and Jump M Not Zero instruction (DJNZ) that facilitates loop 
control. 



Given the instruction 



JR SRCH 



assume that SRCH is a lab©) addressing a location 5A.g bytes up in memory from the 
JR op-code byte. The operation may be illustrated as follows: 
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Base Page 

The Z80 has a modified base page addressing mode for the Restart instruction. This is 
a special Call instruction that allows a single-byte instruction to jump to one of 
eight subroutines located at specific points in lower core. The effective address is 
calculated from a 3-bit code stored in the instruction, as follows; 

Lower Core Address 3-Bit Code 
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The decoded address value is loaded into the low-order byte of the Program Counter; 
the high-order byte of the Program Counter is set to zero. For example, the instruction 



RST OOH 



is illustrated as follows; 
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Register Indirect 

In standard indirect addressing, a nnemory location contains the effective address, and 
the instruction specifies the address of the memory location containing the effective 
address. In register indirect addressing, a register contains the effective address, and 
the instruction specifies which of the registers contains the effective address. Note that 
for a Load, for instance, this is just another way of describing implied addressing. 
However, the Z80 has Jump instructions that allow a jump to the memory location 
whose address is contained in the specified register. This is a form of indirect ad- 
dressing, and is described separately because, while most microcomputers have im- 
plied addressing, very few have register indirect jumps. 

The instruction 

JP (HL) 

directs that a jump is to be taken to the memory location whose address is contained in 
HL This may be illustrated as follows: 
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Immediate 

Some texts identify Immediate instructions as Memory Reference instructions. An Im- 
mediate instruction is a 2-, 3-, or4-byte instruction in which the last one or two bytes 
hold fixed data that is loaded into a register or memory location. The Z80 provides Im- 
mediate instructions to: 

• load 8-bit data into any of the 8-bit registers, 

• load 1 6-blt data into any of the register pairs or 1 6-bit registers, 

• store 8-bit data into any memory location using implied or indexed addressing, 

• perform arithmetic and logical operations using the Accumulator and 8-bit im- 
mediate data. 

The instruction 

LD BCOBCH 

loads the immediate data value BCi6 into Register Pair BC. This may be illustrated as 
follows: 
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Table 3-1. Frequently Used Instructions of the Z80 



Instruction Code 


Meanina 

■ vv^ysv Pill '19 


ADC 
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Add with C3rry to Accumulator 


ADD 




Add 


AND 




Logical AND 


CALL 


addr 


Call Subroutine 


CALL 


cond.addr 


Call Cnnditinnal 


CP 
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DEC 




Dprrpmf*nt 


DJNZ 




Decr8fTient and Jump If Not Zoro 


IN 




i nput 


INC 




1 nrrGm6nt 


JR 




Jiimn Relative 


JR 
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Jiinnn Rpfativp Cnn(*iitinna( 


LD 


reg.lHL) 


Load Reoistpr 


LD 


A, (addr) 


Load Accumulator Direct 


LD 


data 


Load Immsdiat© 


LD 


(HL).reg 


Stnrp Rpni'=itpr 


LD 


(addr), A 


Store Accumulator Direct 


LD 


dst.src 
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Output 


POP 




Pop from Stack 


PUSH 




Push to Stack 
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Return from Subroutine 
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Return Conditional 
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Rotate Accumulator Left Through Carry 


RRA 




Rotate Accumulator Right Through Carry 
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Shift Left Arithmetic 
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Shift Right Logical 


SUB 




Subtract 
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Table 3-2. Occasionally Used l^nstrL>ctions of the Z80 



Instruction Code 


Meaning 


BIT 




I est t3IT 


CPD, CPDR 




^J'O^T1pcf^ c. i-'t?L'rciTici IT, ynepcdi/ 


CPI, CPIR 
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\-» vf liprolTlcn I r\x*UU idU IdlOl 
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criaDie irrTerrupis 


EX 
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Malt 
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L030 rTL UlrcCl 


LD 
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1 ^ D 1^ t A r 1 r\ ^.^^■^ 
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LD 


rp,(addr) 


Load Register Pair Direct 


LD 
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LD 


(BC) or {DE),A 


Store Accumulstof Secondary 


LD 
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LD 
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LD 


(addr),rp 
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LD 


{addr),xy 


olore inoex neyioier uireci 


LD 


{HU.data 


Store lmm@diate to Memory 


LD 
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Store Immediate to Memory Indexed 


LDD. LDDR 




Load, Decrement, (Repeat) 


LDI, LDIR 
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Negate (Twos Complemefit) Accumulator 
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Output, Increment. (Repeat) 
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neset bit 


RET! 




neiurn irom interrupt 


RL 




Rotate Left Through Carry 


RLC 




Rotate Left Circufar 


RLCA 




Rotate Accumulator Left Circular 


RR 




Rotate Right Throu-gh Carry 


RRC 




Rotate Riglit Cifcutar 


RRCA 




Rotate Accumulator Right Circular 


SET 




Set Bit 


SRA 




Shift Right Ari-thmetic 


XOR 




Logical Excfusive OR 
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Table 3-3. Seldom Used Instructions of the Z80 



Instruction Code 


Meaning 


AUL 


HL, rp 


Add Register Pair with Carry to HL 


LLr 




Complement Carry Flag 


c w 
CAA 




Exchange Register Pairs and Alternatives 




n 


Set Interrupt Mode 


DCTM 




Return from Non-Maskable Interrupt 


RLD 




Rotate Accumulator and Memory Left Decimal 


RRD 




Rotate Accumulator and Memory Right Decimal 


RST 




Restart 


SBC 




Subtract with Carry (Borrow) 


SCF 




Set Carry Flag 


LD 


A,l 


Load Accumulator from Interrupt Vector Register 


LD 


A,R 


Load Accumulator from Refresh Register 


LD 


LA 


Store Accumulator to Interrupt Vector Register 


LD 


R,A 


Store Accumulator to Refresh Register 


LD 


SP.HL 


Move HL to Stack Pointer 


LD 


SP.xy 


Move Index Register to Stacl< Pointer 



ABBREVIATIONS 

These are the abbreviations used in this chapter: 

A,F,B,C,D,E.H,L The 8-bit registers. A is the Accumulator and F is the Flag Word. 

AF'.BC'.DE'.HL' The alternate register pairs 

addr A 16-bit memory address 

x(b) Bit b of 8-bit register or memory location x 

cond Condition for program branching. Conditions are: 

NZ - Non-Zero (Z = 0) 
Z -Zero(Z = 1) 
NC - Non-carry (C = 0) 
C - Carry (C = l) 
PO - Parity Odd (P = 0) 
PE - Parity Even (P = 1) 
P - Positive Sign (S = 0) 
M - Negative Sign (S = 1) 



data An 8-bit binary data unit 

data16 A 16-bit binary data unit 

disp An 8-bit signed binary address displacement 

xx{HI) The high-order 8 bits of a 16-bit quantity xx 

I Interrupt Vector register (8 bits) 

IX lY The Index registers (16 bits each) 

label A 16-bit instruction memory address 

xx(LO) The low-order 8 bits of a 16-bit quantity xx 

LSB Least Significant Bit (Bit 0) 

MSB Most Significant Bit (Bit 7) 

PC Program Counter 

port An S-bit I/O port address 
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pr Any of the following register pairs: 

8C 
DE 
HL 
AF 

R The Refresh register (8 bits) 

reg Any of the following registers: 

A 
B 
C 
D 
E 
H 
L 

rp Any of the following register pairs: 

BC 
DE 
HL 
SP 

SP Stack Pointer (16 bits) 

xy Either one of the Index registers (IX or lY) 

Object Code bbb Bit number 000 (LSB) to 1 1 1 (MSB) 

ccc Condition code 000 = non-zero 

001 = zero 

010 = no carry 

01 1 = carry 

100 = parity odd 

101 = parity even 
110 = positive sign 
111= negative sign 

ddd Destination register — same coding as rrr 

ppqq A 16-bit memory address 

rrr Register 1 1 1 = A 

000 = B 

001 = C 

010 = D 

011 = E 

100 = H 

101 = L 

sss Source register — same coding as rrr 

X Index register = IX 

1 = lY 

XX Register pair 00 = BC 

01 = DE 

10 = HL 

1 1 = SP (rp) or AF (pr) 
XXX Restart code (000 to 111) 

yy An 8-bit binary data unit 
yyyy A 16-bit binary data unit 
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Statuses The Z80 has the following status flags: 



C - Carry status 

Z - Zero status 

S - Sign status 

P/0 - Parity/Overflow status 

Ac - Auxiliary Carry status 

N - Subtract status 

The following synnbols are used in the status columns: 

X - flag is affected by operation 

(blank) - flag is not affected by operation 

1 - flag is set by operation 

- flag is reset by operation 

U - flag is unknown after operation 

P - flag shows parity status 

- flag shows overflow status 

1 - flag shows interrupt enabled/disabled status 



[[]] Memory addressing: 1) the contents of the memory location 

whose address is contained in the designated register. 2) an 
I/O port whose address is contained in the designated register. 

[] The contents of a register or memory location. 

For example: 

[[HL]] - [[HL]] + 1 

indicates that the contents of the memory location addressed by 
the contents of HL are incremented, whereas: 

[HLl — [HL] + 1 

indicates that the contents of the HL register itself are incre- 
mented. 

A Logical AND 

V Logical OR 

-V- Logical Exclusive-OR 

*— Data is transferred in the direction' of the arrow 

^ ► Data is exchanged between the two locations designated on either 

side of the arrows. 
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INSTRUCTION MNEMONICS 

Table 3-4 summarizes the Z80 instruction set. The IVANEIVIONIC column shows the 
instruction mnemonic (IN, OUT, LD). The OPERAND column shows the operands, 
if any, used with the instruction mnemonic. 

The fixed part of an assembly language instruction is shown in UPPER CASE. The 
variable part (immediate data, I/O device number, register name, label or address) 
is shown in lower case. 

For closely related operands, each type is listed separately without repeating the 
mnemonic. For instance, examples of the format entry 

LD rp,(addr) 
xY,(addr) 

LD BC.(DAT2) 
LD IX,(MEM) 



are; 



INSTRUCTION OBJECT CODES 

The object code aild instruction length In bytes are shown In Table 3-4 for each 
instruction variation. Table 3-5 lists the object codes in numerical order. 

For instruction bytes without variations, object codes are represented as two 
hexadecimal digits (e.g., 3F). 

For instruction bytes with variations in one of the two digits, the object code is 
shown as one 4-blt binary digit and one hexadecimal digit (e.g., 1 1 x 1 D) in Table 
3-5. For other instruction bytes with variations, the object code is shown as eight 
binary digits (e.g., OlsssOOl). 

INSTRUCTION EXECUTION TIMES 

Table 3-4 lists the instruction execution times in clock periods. Real time can be 
obtained by dividing the given number of clock periods by the clock frequency. For 
example, for an instruction that requires 7 clock periods, a 4 MHz clock m\\ result in a 
1.75 microsecond execution time. 

When two possible execution times are shown (i.e., 5/11), it Indicates that the 
number of clocic periods depends on condition flags. The first time Is for "condi- 
tion not met," whereas the second is for "condition met." 

STATUS 

The six status flags are stored in the Flag register (F) as follows: 

















s z 




Ac 




P/0 


N 


'1 



I 



■ These bits are not used 

• Carry status (carry out of bi* 7) 

■ Subtract status 

( 1 after subtract operation, otherwise) 

■ Parity/Ovefflow 

(for logical operations, 1 for even, for odd parity. 
For arithmetic, 1 for ovorflovi*) 

■ Auxiliary Carry status (carry out of bit 3) 

• Zero status ( 1 for zero, for nonzero) 
' Sign status (value of bit 7) 
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In the individual instruction descriptions, the effect of instruction execution on 
status is illustrated as follows: 



Z Ac P/0 N 



1 X X 

fro 



' Modified to reflect results of execution 

■ Unconditionallv reset to 
• Unconditionally set to 1 

■ Unchanged 
' Unknown 



An X identifies a status that is set or reset. A identifies a status 
that is always cleared. A 1 identifies a status that is always set. A 
blank nneans the status does not change. A question mark (?) 
means the status is not known. 



STATUS 

CHANGES 

WITH 

INSTRUCTION 
EXECUTION 
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•• Address Bos: A0-A7. [C] 

A8-A15: [B] Taole 3-4. A Summary of the Z80 Instruction Set 



Type 


Mnemonic 


Operand 


Object Code 


Bytes 


Clock 


Status 


Operation Performed' 


Cycles 


C 


z 


s 


P/O 


Ac 


N 




IN 


A,(port> 


DB vv 


2 


10 














[ A] — [ pert] 

Input to Accumulator from directly addressed I/O port. 
Address Bus: A0-A7: port 
A8-A15: [Al 




IN 


reg,(C) 


ED OldddOOO 


2 


11 




X 


X 


p 


X 





[ reg! ~ [[ CU 

Input to register from I/O port addressed by the contents of C " 


























If second byte is 70 only the flags will be affected. 

Repeat until [ B] = 0: 

1[HLJ1-[(C11 

[ B] — I B! - 1 

( HLj ^ ( HLI + 1 
Transfer a block of data from I/O port addressed by contents of C 
to memory location addressed by contents of HL. going from low 
addresses to high. Contents of B serve as a count of bytes remain- 
ing to be transferred" 




INIR 




ED B2 


2 


20/15" 




1 


7 


7 


? 


1 


O 


INDR 




ED BA 


2 


20/15" 




1 


7 


7 


7 


1 


Repeat until [ Bl = 0: 


























l( HL]]-[[ Oil 
[ Bl - [ Bl - 1 
(HLI — [HLI - 1 

Transfer a block of data from I/O port addressed by contents of C 
to memory location addressed by contents of HL. going from high 
addresses to low. Contents of B servers a count of bytes remaining 
to be transferred," 




INI 




ED A2 


2 


15 




X 


? 


7 


7 


1 


[l HLI -11 CD 

[ Bl - [ B] - 1 

[ HL] — [ HL] + 1 
Transfer a byte of data from I/O port addressed by contents of C to 
memory location addressed by contents of HL Decrement byte 
count and increment destination address." 



•• Address Bus: A0-A7: IC] 
A8-A15: [B] 



Table 3-4. A Summary of the Z80 Instruction Set (Continued) 



Type, 



Mnamonic 



Operand 



Object Cod* 



Bytei 



Clock 
Cycle* 



Statue 



S P/0 A, 



Operation Performed 



IND 



ED AA 



15 



CO 
I 

M 



OUT 



OUT 
OTIR 



(pOrtl.A 



(C).reg 



03 yy 

ED OlsssOOl 
ED B3 



1 1 

12 
20/15- 



o 

u 



OTDR 



ED 6B 



20/15* 



|[HLlJ-lfCn 
( Bl - [ Bl - 1 
IHLI-IHLI - 1 

Transfer a byte of data from I/O port addressed by contents of C to 
memory location addressed by contents of HL. Decrement both 
byte count and destination address" 
[porti — [AJ 

Output from Accumulator to directly addressed I/O port. 
Address Bus: A0-A7: port 
A8-A15: [A! 

I(C]|-[regl 

Output from register to I/O port addressed by the contents of C." 

Repeat until [ Bl = 0: 

a C]l-(( HLJI 

I Bl - 1 B) - 1 

( HL) — t HLl + 1 
Transfer a block of data from memory location addressed by con- 
tents of HL to I/O port addressed by contents of C, going from low 
memory to high. Contents of B serve as a count of bytes remaining 
to be transferred." 

Repeat until [81 =0: 

IIC]1-[[HL11 

[ Bl " t Bl - 1 

[HLl — I HLl - 1 

Transfer a block of data from memory location addressed by con- 
tents of HL (o I/O port addressed by contents of C. going from high 
memory to low. Contents of B serve as a count of bytes remaining 
to be transferred. " 



■ Table 3-4. A Summary of the Z80 Instruction Set (Continued) 

A8-A15: [B] 



Type 


Mnemonic 


Operand 


Object Code 


Bytes 


Clock 


Status 


Operation Performed 


Cycles 


C 


2 


s 


P/0 


"C 


N 






OUTI 




ED A3 


2 


15 




X 


7 


7 


7 


1 


[[C]1-[[HL1] 
[ Bl - [Bl - 1 
[HLl-IHD + 1 


























Transfer a byte of data from memory location addressed by con- 


• 

3 
























tents of HL to I/O port addressed by contents of C. Decrement byte 


_C 

'•5 
e 
























count and increment source address." 


I/O (Coi 


OUTD 




ED AB 


2 


15 




X 


? 


7 


7 


1 


[[C)l-[( HLll 
























[ B] - [ B] - 1 
























[ HL] — [ HL] - 1 

Transfer a byte of data from memory location addressed by con- 
tents of HL to I/O port addressed by contents of C. Decrement both 
byte count and source address." 




LD 


A (addrl 


3A rinfin 


3 


1 3 














1 A] •— 1 adHr] 

Load Accumulator from directly addrossdd memory location. 




LD 


HL,(addr) 




3 


1 6 














1 H) 4— r aHrir -1-11 T 1 1 ^ F nHHrl 
Load HL from directly addressed memory. 




LD 


rp,(addr) 


ED OlxxlOI 1 ppqq 


4 


20 














[ rp(HI)) ^ 1 addr + 1 1, [ rplLO}] — I addrl or 


« 

u 
e 




xv,(addr) 


1 1x1 1101 2A ppqq 


4 


20 














[ xy(HI)] — [ addr + 11, [ xy(LO)l — [ addr) 


• 
























Load register pair or Index register from directly addressed memo- 


• 
























ry 


cc 
> 


LD 


laddr),A 


32 ppqq 


3 


13 














[ addr] — I A] 




E 
























Store Accumulator contents in directly addressed memory location. 


n 


LD 


(addr),HL 


22 ppqq 


3 


16 














[ addr + 1 ] — [ H), 1 addr] ^ ( L] 


s 

> 
























Store contents of HL to directly addressed memory location. 


a 


LD 


(addr),rp 


ED OlxxOOl 1 ppqq 


4 


20 














( addr + 1 ] ^ [ rp(HI)|, [ addr] ~- [ rp(LO)] or 


E 




(addr),xy 


11x11101 22 ppqq 


4 


20 














( addr + 1 ] ^ [ xy(H(ll. [ addr] — [ xy(L0)l 




LD 


A,(BCI 
A,(DE) 


OA 
1A 


1 
1 


7 
7 














Store contents of register pair or Index register to directly ad- 
dressed memory. 
[ A] — [| BC]] or 1 A) — |[ DE]] 
Load Accumutator from memory location addressed by the con- 
tents of the specified register pair. 



Table 3-4. A Summary of the Z80 Instruction Set (Continued) 



Type 


Mnemonic 


Operend 


Object Coda 


Bytes 


Clock 


Status 


operation Performed 


Cycles 
























C 


z 


s 


P/0 


Ac 


N 






LD 


reg,(HL) 


Oldddl 10 


1 


7 














[ regl — [[ HLl) 


« 
























Load register from memory location addressed by contents of HL. 


u 
e 
« 


LD 


(BC),A 


02 


1 


7 














[( ecu - [ A] or (l DEll - [ A| 


e 




(DE),A 


12 


1 


7 














Store Accumulator to memory location addressed by the contents 


o — 
























of the specified register pair. 


mory 
ntinua 


LD 


(HL).reg 


01 1 lOsss 


1 


7 














IL HLJl — I regl 
























Store register contents to memory location addressed by the con- 


S u 
























tents ot HL. 


> 


LD 


reg,(xy+disp) 


llxlllUI UlduallU 


3 


19 














[ reg] ' — [[ xy] + displ 


o 

i 






disp 


















Load register from memory location using base relative addressing. 




LD 


lxv+disp),reg 


1 1x1 1 101 01 nOsss 
disp 


3 


19 














[[ xy] + displ — ( regl 

Store register to memory location addressed relative to contents of 
Index register. 




LDIR 




ED BO 


2 


20/16" 

















Repeat until [ BC] - 0: 
11 DEI] - 11 HUl 
( DEI — [ DE! + 1 
1 HL] - [ HLl + 1 


£ 

O 
























[ BC] — I BCl - 1 


10 

• 
























Transfer a block of data from the memory location addressed by 


I/I 
•a 
























the contents of HL to the memory location addressed by the con- 


c 
« 
























tents of DE, going from low addresses to high. Contents of BC 


• 
























serve as a count of bytes to be transferred 


» 

c 


LDDR 




ED B8 


2 


20/16" 

















Repeat until [ BC) = 0: 


n 
























[[DE)j-l[HLll 


je 
























[ DEI - 1 DEI - 1 


o 
























1 HLl - [ HLl - 1 


IS 
























I BCl — I BCl - 1 

Transfer a block of data from the memory location addressed by 
the contents of HL to the memory location addressed by the con- 
tents of DE, going from high addresses to low. Contents of BC 
serve as a count of bytes to be transferred. 



Table 3 



-4. A Summary 



of the Z80 Instruction Set (Continued) 



to 



Typ* 


Mnemonic 


Operand 


Object Code 


Bytes 


Clock 


Status 


Operation Performed 


Cycles 
























c 






P/0 


^c 








LO) 




EO AO 


2 


16 








X 








KDE]] -([HLU 
[ DE] - 1 DEI + 1 
[ HL] ^ [ HLl + 1 
[ BCl — [ BCl - 1 

Transfer one byte of data from the memory location addressed by 
the contents of HL to the memory location addressed by the con- 
tents of DE Increment source and destination addresses and decre- 
ment byte count. 




LDD 




ED A8 


2 


16 








X 








11 DEll - [( HLl) 


























[ DE] — 1 DE] - 1 


• 

s 
























I HL] - I HL] - 1 


'■P 
c 
























( BCl — ( BC) - 1 


o 
o 
























Transfer one byte of data from the memory location addressed by 


u 
























Ih'e contents of HL to the memory location addressed by the con- 


k 
























tents of DE. Decrement source and destination addresses and byte 


• 

(0 
























count. 


•a 
c 


CPIR 




ED B1 


2 


20/16" 




X 


X 


X 


X 


1 


Repeat until [ AJ = [[ ML]) or [ BC] = 0: 


« 
• 
























( A] - II HL]] (only flags are affected) 


m 
























( HLl ^ 1 HLl + 1 


c 

S 
1^ 
























( BCl — ( BCl - 1 


j< 
























Compare contents of Accumulator with those of memory block ad- 


o 
o 
























dressed by contents of HL, going from low addresses to high. Stop 


m 
























when a match is found or when the byte count becomes zero 




CPDR 




ED eg 


2 


20/16" 




X 


X 


X 


X 


1 


Repeat until [ A] = [( HLll or t BCl = 0: 
[ A] - 11 HLll (only flags are affected) 
( HLl — 1 HLl - 1 
(BCl — I BCl - 1 

Compare contents of Accumulator with those of memory block ad- 
dressed by contents of HL, going from high addresses to low. Stop 
when a match is found or when the byte count becomes zero 



Table 3- 



1-4. A Su 



mmary 



of the Z80 Instruction Set (Continued) 



TypB 


Mnemonic 


Operand 


Object Code 


Bytes 


Clock 
Cycles 


Status 


Operation Performed 


C 


z 


s 


P/0 




N 


Block Transfer and 
Search (Continued) 


CP) 
CPD 




ED A1 
ED A9 


2 
2 


16 

16 




X 
X 


X 
X 


X 
X 


X 
X 


1 
1 


[ A) - |[ HL]] (only flags are affected) 
( HL) - 1 HU + 1 
I BC] - ! BC) - 1 

r^orrmflro ^<^ntontc r^T Ai^r^i ifm i Isit'Mr vaiI^K tK/\c a /^f nnArvmm l^f^ atir\n 
*afUlH|Jclie ^<VJl 11(31 lia Ul n\<UUI<IUI<>l-V Willi IIIUSB Ul llWIIIUiy lUliClIIUII 

addressed by contents of HL Increment address and decrement 

byte count. 
I A] - l[ HL)| (only flags are affected! 
[ HL] ^ [ HL) - 1 
[ BC) - 1 BC) - 1 

Compare contents of Accumulator with those of memory location 
addressed by contents of HL. Decrement address and byte count. 




ADD 


A (HL) 


OD 


1 


■7 
/ 


Y 
A 




^ 


Q 




\j 


1 Al *— 1 A1 4- If Ml 11 nr r Al •— I Al -4- fl vvl 4- Hic^nl 








1 I n 1 1 1 U 1 Ou VJIo|J 


3 


1 9 














Add to Accumulator usin^ implied eddressinQ or base relative ad~ 


























Hrneeinfi 






A (HL) 


OC 


1 
1 


T 

f 


X 


X 


X 





X 





r Al 1 Al 4. r[ HI 11 X r nr r Al •— f Al 4- If «vl X Hi4nl 4- C 

I Ml I Mj .t- 11 riLij "T V or I Mi L Mj T It xyi t oisp] + 


• 

u 




A,(xy+disp) 


1 1x1 1 101 8E disp 


3 


19 














Add with Carry using implied addressing or base relative address- 


c 
• 


SUB 


IHL) 


96 


1 


7 


X 


X 


X 





X 


1 


ing. 

1 A)-[A) - [! HLJ] or [A) - (A! - 11 xy) + disp) 


• 




(xy + disp) 


1 1v1 1 11^1 OR /4ien 
1 (XI 1 1 U 1 uISp 


J 


1 9 














Subtract from Accumulator using implied addressing or base rela- 


























tive addressing. 


> 
o 


SBC 


A.(HL) 


9E 


1 


7 


X 


X 


X 





X 


1 


[ A) - [ A) - [[ HLll - C or 1 A] ^ ( A] - |( xy] + disp] - C 


E 




A,(xy + disp) 


1 1x1 1 101 9E disp 


3 


19 














Subtract with Carry using implied addressing or base relative ad- 


s 
























dressing. 


> 


AND 


(HL) 


A6 


1 


7 





X 


X 


p 


1 





( A] — [ A] A l[ HLll or [ Al ^ [ Al A [[ xyl + displ 


■o 
c 




(xy + dispf 


11x11101 A6 disp 


3 


19 














AND with Accumulator using implied addressing or base relative 


o 
• 
























addressing. 


«9 


OR 


(HU 


B6 


1 


7 





X 


X 


-J 


1 





( A) — [ A] V (I HL)] or [A) - 1 A) V ([ xy] + displ 






(xy + displ 


1 1x1 1 101 86 disp 


3 


19 














OR with Accumulator using implied addressing or base relative ad- 


























dressing. 



Table 3-4. A Summary of the Z80 Instruction Set (Continued) 



Type 


M nentonic 


OpotAnd 






Clock 


Status 


Operation Performed 


Cycles 


C 


z 


s 


P/0 


Ac 


N 


Secondary Memory 
Reference (Continued) 


XOR 

CP 

INC 

DEC 


(HL) 
(xy + disp) 

(HL) 
txy + disp) 

(HL) 
(xy + disp) 

(HL) 
(xy + disp) 


AE 

11x11101 AEdisp 
BE 

11x11101 BE disp 
34 

11x11 101 34 disp 
35 

1 1x1 1 101 35 disp 


1 

3 

1 

3 

1 
3 
1 
3 


7 

19 
7 

19 

11 
23 
11 
23 





V. 

A 

X 
X 


X 

X 
X 


p 





1 

X 
X 



1 



1 


1 A] — [ A) -W-ll HLll or ( A) — ( Al -V-K xy] + disp] 

Exclusive-OR with Accumulator using implied addressing or base 

relative addressing. 
1 A) - [[ HLll or [ A] - [( xy] + disp) 

Compare with Accumulator using implied addressing or base rela- 

live auurBSSiny. v^niy ino Tioys ara STicCiBQ. 
l[ HLll — l[ HLll + 1 or 11 xy] + disp] — [( xy) + displ + 1 

Incromont usinQ impliod addrassinQ or b8S6 relstiv6 addressing 
([ HLll — I[ HLll - 1 or [1 xyl + disp] — [( xy) + displ - 1 

Decrement using implied addressing or base relative addressing. 




RLC 


IHLl 


CB 06 


2 


1 5 


X 


X 


X 


p 








1 ^ r** 1 ^ ° r*-" 


• 




(xy + disp) 


11x11101 CBdisp 
06 


4 


23 














|[ HL]! or [[ xyl + disp) 
Rotate contents of memory location (implied or base relative address- 
ing) left with branch Carry 


d Roti 


RL 


(HL) 


CB 16 


2 


15 


X 


X 


X 


p 








L-TTU — 1 7 — oLJ 
1 — T" L 


y Shift an 




(xy + disp) 


1 1x11 101 CB disp 
16 


4 


23 














[[ HL)] or [[ xv) + displ 
Rotate contents of memory location left through Carry. 


Aemor 


RRC 


(HL) 


CB OE 


2 


15 


X 


X 


X 


p 








Lh 7 ^0 l-l*^ 






{xy + disp) 


11x11101 CB disp 
OE 


4 


23 














[[ HD) or ([ xy] + disp] 
Rotate contents of memory location right with branch Carry 



Table 3-4. A Summary of the Z80 Instruction Set (Continued) 



Type 



Mnemonic 



Operand 



Object Code 



Bytes 



Clock 
Cycles 



Status 



P/O 



Operation Performed 



E 
« 
5 



RR 



SLA 



SRA 



SRL 



(HLl 
Ixy + disp) 



(HL) 
Ixy + disp) 



(HL) 
{xy + disp) 



(HL) 
(xy + disp) 



CB IE 
11x11101 CBdisp 

IE 



CB 26 
11x11101 CBdisp 

26 



CB 2E 
11x11101 CBdisp 

2E 



CB 3E 
11x11101 CBdisp 



3E 



15 
23 



15 
23 



15 
23 



15 
23 



II HLU or [t xy] + disp] 
Rotate contents of memory location rigtil through Carry 



([ HLll or [[ xyl + displ 
Shift contents of memory location left and clear LSB (Arithmetic 
Shift) 



[( HLJI or [( xyl + displ 



Shift contents of memory location right and preserve MSB 
(Arithmetic Shift). 



7 »*■ I »» { C I 



II HLl) or It xyl + disp) 
Shift contents of memory location right and clear MSB (Logical Shift) 



Table 3-4. A Summary of the Z80 Instruction Set (Continued) 



Type 


Mnemonic 






Bytes 


Clock 


Status 


Operation Performed 


Operand 


Object Code 




Cycles 


C 


Z 


s 


P/0 


Ac 


N 




LD 


reg.data 


OOdddllO yy 


2 


7 














1 reg] — data 


• 
























Load Immediate into register. 


CD 


LD 


rp.data 1 6 


OOxxOOOl yyyy 


3 


10 














1 rp] ^ dalal 6 or [ xy] — datal 6 


• 




xv,data16 


1 1x1 1101 21 yyyy 


4 


14 














Load 1 6 bits of immediate data into register pair or Index register. 


E 


LD 


(HLI.data 


36 yy 


2 


10 














[[ HLll — data or [[ xyl + displ — data 






(xy + disp). 


1 1x1 1 101 36 disp yy 


4 


19 














Load immediate into memory location using implied or base relative 






data 




















addressing 




JP 


label 


C3 ppqq 


3 


10 












- 


[ PC) — label 


























Jump to instruction at address represented by label 


a 
E 


JR 


disp 


18 (disp-2) 


2 


12 














[ PC] — [ PCI + 2 + (disp-2) 


3 
—) 
























Jump relative to present contents of Program Counter. 




JP 


(HL) 


E9 


1 


4 














[ PCI 1 HL) or [PC] ^[xy] 






(xy) 


11x11101 E9 


2 


8 














Jump to address contained in HL or Index register. 




r* Ai 1 


lauei 


CD ppqq 


J 


1 J 














11 or) 1 J ' I roiriDj 


























([ SP) - 2)-(PC(L0)l 


























[SP] ^ [SPl - 2 


C 
























[ PC] ^ label 


3 
*• 
























Jump to subroutine starting at address represented by label. 


• 

a 


CALL 


cond.label 


1 1ced 00 ppqq 


3 


10/1 7 














Jump to subroutine if condition is satisfied: otherwise, continue in 


■o 
c 
























sequence 


n 


RET 




C9 


1 


10 














[ PCILOII — [[ SPl) 


• 
























[PC(HI)]-[[SP] + 1] 


• 
























( SP] — [ SP) + 2 


3 
























Return from subroutine. 




.a 


RET 


cond 


1 1 cccOOO 


1 


5/1 1 














Return from subroutine if condition is satisfied; otherwise, continue 


3 

in 
























in sequence. 



Table 3-4. A Summary of the Z80 Instruction Set (Continued) 



u 
ro 













Clock 






status 








Type 


Mnemonic 


Operand 


Object Coda 


Bytes 














operation Performed 


Cycles 


C 


z 


s 


P/0 


Ac 


N 




ADD 


A.data 


C6 yy 


2 


7 


X 


X 




Q 


X 





I A] ^ [ A] + data 
Add immediate to Accumulator. 




ADC 


A, data 


CE vv 


2 


7 


X 


X 


X 


o 


X 





( A] — [ A] + data + C 
Add immediate with Carry. 




SUB 


data 


D6 yy 


2 


7 


X 


X 


X 





X 


1 


( A] — [ A] - data 


• 
























Subtr3ct immsdifltB from Accumulstor. 


• 


SBC 


A.data 


DE yy 


2 


7 


X 


X 


X 


o 


X 


1 


( A] — ( A] - data - C 


O 
























Subtract immediate with Carry. 


• 


AMP) 


data 


to vv 


£. 




r» 


V 
A 


X 


p 


1 

1 






« 
























AND immArfijitP with Apf^iifniilat'nr 
^ V 111 II 1 idj lo ic wi III m^v^ui iiuioiui . 


E 
E 


OR 


data 


ro VV 


2 









X 


p 


1 


Q 


( A] — 1 A1 V data 


























OR liTtmAiiiAtA with Ai^r>iiiYtiilf)t(^r 

II 1 II 1 ICUIa IC rWllll rAULpUl iiuiaiui . 




XOR 


dat 
a a 


cc VY 


2 




Q 


X 


X 


p 


1 





I Al «— f Al AAHflta 

FypIi iciuA-OR imrriBfiiatB uuith Apf^i imiilatnr 

Al< lU a ■ Vc !> M 1 II 1 ICVIIO IC Vti 11 1 m^l^UI 1 lU la ILfl . 




CP 


data 


FF v/u 

rt VV 


o 

£. 




)^ 




X 





X 




f AT - Hata 
I Udld 

i^uiiipdiu 111 III iwjiaie uciia wmi MuuuiiiuidiuT uuiiiciiis, vjiiiy inc 

flags are affected. 




JP 


cond. label 


1 IcccOlO ppqq 


3 


10 














If cond, then I PCI ^ label 
Jump to instruction at address represented by label if the condition 
is true. 




JR 


C,disp 




z 


7/19 














If r = 1 thpn r pn — i pri + ? + (Hicn — o) 

II V^ — 1 , IIHSII I r Vrf] 1 r^J T i T \0>SP 


c 

.2 
























Jump relative to contents of Program Counter if Carry flag is set 




JR 


NC.disp 


30 {disp-2) 


2 


7/12 














If C = 0, then ( PC] — ( PC) + 2 + (disp -2) 


c 
o 
























Jump relative to contents of Program Counter if Carry flag is reset. 


u 

c 


JR 


Z.disp 


28 (dlsp-2) 


2 


7/12 














If Z = 1. then [ PCI ^ [ PCI + 2 + (disp -2) 


o 
a 
























Jump relative to contents of Program Counter if Zero flag is set. 


E 


JR 


NZ.disp 


20 (disp-2) 


2 


7/12 














If Z = 0, then I PCI 1 PC] + 2 + (disp -2) 


3 
-1 


DJNZ 


disp 


10 (disp-2) 


2 


8/13 














Jump relative to contents of Program Counter if Zero flag is reset. 
1 B] - 1 B] - 1 

If 1 B] )fc0, then [ PC] + 2 + (disp -2) 
Decrement contents of B and Jump relative to contents of Program 
Counter if result is not 0. 



Table 3-4. A Summary of the Z80 Instruction Set (Continued) 



u 



Type 


Mnemonic 


Operand 


Object Code 


Bytes 


Clock 
Cycles 


Status 


Oporfltion P9rforni6d 


C 


Z 


s 


P/0 


Ac 


N 




LD 


dst.src 


Oldddsss 


1 


4 














[ dstl — I srcl 


























Move contents of source register to destination register. Register 


























designations src and dst may each be A, B, C, D, E, H or L. 




LD 


A,l 


ED 57 


2 


9 




X 


X 


1 








[ Al - 1 1) 


























Move contents of interrupt Vector register to Accumulator. 




LD 


A,R 


ED 5F 


2 


9 




X 


X 


1 








.[ Al -(Rl 


























Move contents of Refresh register to Accumulator. 




LD 


LA 


ED 47 


2 


9 














[11-lA] 


























Load Interrupt Vector register from Accumulator. 




LD 


R,A 


ED 4F 


2 


9 














[ Rl - [ Al 


























Load Refresh register from Accumulator. 




LD 


SP.HL 


F9 


1 


6 














[ SPj — I HLl 


• 

> 

o 
























Move contents of HL to Stack Pointer. 


s 


LD 


SP.xy 


1 1x1 1 101 F9 


2 


10 














( SPl - [ xyl 


• 
























Move contents of Index register to Stack Pointer. 


m 

'5> 


EX 


OE,HL 


EB 


1 


4 














[ DE) ( HL] 


« 

K 
























Exchange contents of DE and HL. 




EX 


AF,AF' 


08 


1 


4 














(AFl -[AF'l 


« 

'5> 
























Exchange program status and alternate program status. 


e 

cc 


EXX 




09 


1 


4 














/iBClN /[BC'1\ 


























1 1 DEI 1- -I 1 DE J I 


























\1HL]/ \[HL'l/ 


























Exchange register pairs and alternate register pairs. 



Table 3 



-4. A Summary 



of the Z80 Instruction Set (Continued) 



Type 


Mnemonic 


Operand 


Object Code 


Bytes 


Cycles 


Status 


operation Performed 


C 


z 


s 


P/O 


Ac 


N 




ADD 


A.reg 


1 0OOOrrr 




4 


X 


X 


X 





X 





I A] ^ [ A] + [ regj 


























Add contents of register to Accumulator. 




ADC 


A.reg 


1 0001 rrr 




4 


X 


X 


X 





X 





[ Al [ AI + I regJ + C 


























Add contents of register and Carry to Accumulator. 




SUB 


reg 


1 001 Orrr 




4 


X 


X 


X 





X 


1 


r A 1 r A 1 r i 

[ Al — [ AJ - [ reg] 


























Subtract contents of register from Accumulator. 




SBC 


A.reg 


' UU 1 1 rrr 




4 


X 


X 


X 





X 


1 


L AJ — [ Al - I regj - C 


























Subtract contents of register and Carry from Accumulator. 




AND 


reg 


1 0OOOrrr 




4 





X 


X 


p 


1 





t Al 1 A] A I regl 


























AND contents of register with contents of Accumulator. 




OR 


reg 


lull Urrr 




4 





X 


X 


p 


1 





I A| — I A] V I regj 


























OR contents of register with contents of Accumulator. 


c 
■ 


XOR 


reg 


lOIOIrrr 




4 





X 


X 


p 


1 





[A] — lAl At( reg] 


c 

a. 
























Exclusive-OR contents of register with contents of Accumulator. 


Q 


CP 


reg 


1 1 1 1 rrr 




4 


X 


X 


X 





X 


1 


I A] - [ reg] 


























Compare contents of register with contents of Accumulator. Only 


at 
























the flags are affected. 


• 

oc 


ADD 


HL,rp 


OOxxlOOl 




1 1 


X 








? 





I HLj <— 1 HL] + I rpl 


























16-bit add register pair contents to contents of HL. 


« 

5 


ADC 


HL.rp 


ED OlxxlOlO 


2 


15 


X 


X 


X 





? 





[ HLl — [ HL] + [ rp] + C 


a 

cc 
























16-bit add with Carry register pair contents to contents of HL. 




SBC 


HL.rp 


ED OlxxOOlO 


2 


15 


X 


X 


X 





7 


1 


[ HL] " [ HL] - ( rp] - C 


























16-bit subtract with Carry register pair contents from contents of 

HL. 




ADD 


IX.pp 


DD OOxxlOOl 


2 


15 


X 








? 





(iXj — [ iXj -I- ( pp] 


























16-bit add register pair contents to contents of Index register IX 


























(pp = SC. DE, IX, SP). 




ADD 


lY.rr 


FD OOxxlOOl 


2 


15 


X 








? 





I lY] - ( lY] + [ rr] 


























1 6-bit add register pair contents to contents of Index register lY 


























(rr = BC. DE, lY, SP|. 



Table 3-4. A Summary of the Z80 Instruction Set (Continued) 

















Status 








Type 


nnnBnioni'C 




Objoct Codo 


Byt88 


Clock 












Operation Performed 


Cycles 






















c 


z 


S 


P/0 


Ar 


N 






□AA 




27 


1 


4 


X 


X 


X 


p 


X 




Decimal adjust Accumulator, assuming that Accumulator contents are 


























the sum or difference of BCD operands. 




CPL 




2F 


1 


4 










1 


1 


[ai-:ai 


























Complement Accumulator (ones complement). 


a 


NEG 




ED 44 


2 


8 


X 


X 


X 





X 


1 


[ A)-IA! + 1 


• 

a 
























Negate Accumulator (twos complement) 


O 


INC 


reg 


OOrrr 1 00 


1 


4 




X 


y 
A 


n 
\j 


V 
A 


u 


r I'Art 1 _ r fof^ 1 ^ 1 
I reg] I retjj ^ i 


n 

+jj 
























Increment register contents. 


'5> 
a 


INC 


rp 


OOxxOOl 1 


1 


6 














( rp] — [ rp] + 1 or 1 xy] ^ I xy] + 1 


E 




xy 


11x11101 7? 


2 


1 














Increment contents of register or Index register. 




DEC 


reg 


OUrrrlOl 


1 


4 




X 


V 


r\ 


X 


1 


( regl — [ reg] - 1 


























Decrement register contents. 




DEC 


rp 


OOxxlOII 


1 


6 














[ rp] — [ rp] - 1 or t xy] — [ xy] - 1 






xy 


11x11101 2B 


2 


10 














Decrement contents' of register pair or Index register 




RLCA 




07 


1 


4 


X 














ITUH7 ^ Ui 


























[A] 


lotati 
























Rotate Accumulator left with branch Carry. 


lb 

•a 
c 
• 


RLA 




17 


1 


4 


X 














1 1 


Shift 
























lA] 


• 
























Rotate Accumulator left through Carry 


• 

ce 


RRCA 




OF 


1 


4 


X 














L^. — ^o|-i«^T] 


























[A] 


























Rotate Accumulator right with branch Carry 



Table 3 



!-4. A Summary 



of the Z80 Instruction Set (Continued) 



Typ« 




Operand 


Objact Coda 


Bytat 




Sutus 


Oparation Parformad 


Mnamonic 


Cyclet 


C 


z 


s 


|p/o 


Ac 


N 




RRA 




IF 


1 


4 


X 














— "1— ^ 




RLC 


reg 


CB OOOOOrrr 


2 


8 


X 


X 


X 


p 








(A! 

Rotate Accumulator right through Carrv. 

1 [reg] 

1 Rotate contents of register left with branch Carry. 

L(T|-« [7 o|^ 

! reg] 

Rotate contents of register left through Csrrv 

— ►o 1— u*rn 

I reg] 

Rotate contents of register right with branch Carry 

L|,^„|_^{7}J 

[ regl 

Rotate contents of register right through Carry. 

1 C 1^ 1 7 1^ 

[ reg] 

Shift contents of register left and clear LSB (Arithmetic Shift). 


itata (Continuad 


RL 


reg 


CB OOOIOrrr 


2 


8 


X 


X 


X 


p 








tar Shift and Rc 


RRC 


reg 


CB 00001 rrr 


2 


8 


X 


X 


X 


p 








m 

• 

oe 


RR 


reg 


CBOOOIIrrr 


2 


8 


X 


X 


X 


p 










SLA 


reg 


CB OOlOOrrr 


2 


8 


X 


X 


X 


p 

































Table 3 



1-4. A Summary of the Z80 Instruction Set (Continued) 



Type 



Mnemonic 



Operand 



Object Code 



Bytaa 



Clock 
Cycles 



Status 



CIS PIO 



Ac N 



Operation Performed 



o 
u 



•o 
c 
■ 

C 

!e 
w 

k 

I 



SRA 



SRL 



RLD 



RRD 



rog 



reg 



Ce OOlOlrrr 



CB 001 1 1rrr 



ED 6F 



ED 67 



18 



18 



T Uegi 



Shift contents of register right and preserve IMSB (Arithmetic Shift). 



[ reg] 

Shift contents of register right and clear MSB (Logical Shift). 



lA] A 



♦ 





3 o| 


1 ^[[ HLU 





Rotate one BCD digit left between the Accumulator and memory loca- 
tion (implied addressing). Contents of the upper half of the Accumula- 
tor are not affected. 



1 ♦ 


♦ 






4 


3 




[A] ^ 


[l HLll 





Rotate one BCD digit right between the Accumulator and memory 
location (implied addressingl.Contents of the upper half of the Ac- 
cumulator are not affected. 



Table 3-4. A Summary of the Z80 Instruction Set (Continued) 



















status 








Type 


Mnamonic 


Operand 


Object Coda 


Bytes 














Operation Performed 


Cycles 


C 


z 


S 


P/0 


Ac 


N 




BIT 


b.reg 


CBOIbbbrrr 


2 


8 




X 


7 


? 


1 





Z — reg(b) 

Zero flag contains complement of the selected register bit. 




BIT 


b.(HLI 
b,{xY 4 disp) 


CB Olbbbi 10 
11x11101 CBdisp 


2 
4 


12 

20 




X 


? 


? 


1 





Z — 11 HLllIb) or Z — [[ xy] + displlb) 
Zero flag contains complement of selected bit of the memory loca- 


c 






U 1 ODD 1 1 U 


















ilun virnpiiBU auQr^s^iny or rviSTivo auurBSSinyf. 


o 


SET 


b.reg 


CB nbbbrrr 


2 


8 














reg(b) — 1 


• 

3 
























Set indicated register bit. 


a. 
c 


SET 


b,(HL) 


CB llbbbllO 


2 


15 














[( HL])(b) — 1 or [[ xy) + dispKb) — 1 


CD 

s 




b.(xy + disp) 


1 1x1 1 101 CB disp 


4 


23 














Set Indicated bit of memory location (implied addressing or 


s 






1 1hhh1 10 


















base relative addressing). 




RES 
RES 


b.TBQ 

b,(HL) 
b,(xv + disp) 


CB lObbbrrr 

CB lObbbI 10 
11x11101 CBdisp 
lObbbllO 


2 

2 
4 


8 

15 
23 














reg(b) •— 

Reset indicated register bit. 
[[ HLll(b) — or [[ xy] + dispKb) — 

Reset indicated bit In memory location (implied addressing or base 

relative addressing). 




PUSH 


pf 
xy 


llxxOIOI 
1 1x1 1 101 E5 


1 
2 


11 

15 














[[ SP]-11-[pr(HI)l 
(( SPl-2] - t pr(LO)] 
[ SP) — [ SPl-2 

Put contents of register pair or Index register on top of Stack and 
decrement Stack Pointer. 




POP 


P' 


1 IxxOOOl 


1 


10 














[ pr(LO)] - [[ SPU 






xy 


11x11101 El 


2 


14 














[pr(HI)l - [[SP] + 1] 


o 

CD 
fc* 
























[ SP] — ( SP] + 2 


01 


EX 


(SP),HL 
(SP).xy 


E3 

11x11101 E3 


1 
2 


19 
23 














Put contents of top of Stack in register pair or Index register and 

increment Stack Pointer. 

[ H] [[ SP] + 1 J 

[L] [[SP]] 

Exchange contents of HL or Index register and top of Stack. 



Table 3-4. A Summary of the Z80 Instruction Set (Continued) 



Type 



Mnemonic 



Operand 



Object Coda 



Bytes 



Clock 
Cycles 



Status 



P/O 



Ac 



Operation Performed 



Dl 
El 
RST 



RETI 
RETN 
IM 



F3 
FB 

1 1xxxl 1 1 



ED 40 
ED 45 
ED 46 
ED 56 
ED 5E 



4 
4 
11 



14 
14 
8 
8 
8 



Disable Interrupts. 
Enable interrupts. 
|[SP|-11-[PC(HI|] 
[[ SPl-21 - [ PCILOII 
[ SPl ^ [ SPl-2 
IPC]-(8-n),6 

Restart at designated location. 
Return from interrupt. 
Return from nonmaskable interrupt. 
Set Interrupt mode 0, 1 , or 2. 



CO 

u 

CD 



S 
8 
« 



SCF 
CCF 



37 



3F 



C — 1 

Set Carry flag. 
C — C 

Complement Carry flag. 



NOP 
HALT 



00 
76 



No operation — volatile memories are refreshed. 

CPU halts, executes NOPs to refresh volatile memories. 



"Execution time shown Is for one iteration. 



Table 3-5. Instruction Object Codes in Numerical Order 



OBJECT CODE 


INSTRUCTION 




OBJECT CODE 


INSTRUCTION 


00 


NOP 




39 


ADD HL.SP 


01 yyyy 


LD BC.dataie 




3A ppqq 


LD AJaddr) 


02 


LD (BC).A 




38 


DEC SP 


03 


INC EC 




3C 


INC A 


04 


INC B 




3D 


DEC A 


05 


DEC B 




3£w 


LD A.data 


06 VY 


LD B.data 




3F 


CCF 


07 


RLCA 




4 Osss 


LD B.reg 


08 


EX AF.AF' 




46 


LD B,(HL) 


09 


ADD HL.BC 




4 1sss 


LD Crag 


OA 


LD A,(8C) 




4E 


LO C,(HL) 


OB 


DEC BC 




5 Osss 


LD D.rag 


OC 


INC C 




56 


LO 0,(HU 


OD 


DEC C 




5 Isss 


LD E.reg 


OEyy 


LD Cdata 




5E 


LO E,(HL) 


OF 


RRCA 




6 Osss 


LD H.reg 


10 disp-2 


DJNZ disp 




66 


LD H.(HL) 


11 WW 


LO OE.dalaie 




6 Isss 


LO L,re9 


12 


LD (DE),A 




6E 


LD L,(HL) 


13 


INC DE 




7 Osss 


LO (HD.reg 


14 


INC D 




76 


HALT 


15 


DEC D 




7 Isss 


LO A.reg 


16 w 


LO D.data 




7E 


LO A,(HL) 


17 


RLA 




8 Orrr 


ADD A.reg 


18 disp-2 


JR disp 




86 


ADD A.(HLI 


19 


ADD HL,DE 




8 1m 


ADC A,reg 


1A 


LD A,(DE) 




8E 


ADC A,(HU 


18 


DEC DE 




9 Orrr 


SUB reg 


1C 


INC £ 




96 


SUB (HL) 


ID 


DEC E 




9 Irrr 


SBC A,rag 


lEw 


LD E.data 




9E 


SBC A,(HL) 


IF 


RRA 




A Orrr 


AND reg 


20 disp-2 


JR NZ.disp 




A6 


AND (HL) 


21 WW 


LD HL,dataie 




A Irrr 


XOR reg 


22 ppqq 


LD (a<ldr).HL 




AE 


XOR (HL) 


23 


INC HL 




B Orrr 


OR reg 


24 


INC H 




B6 


OR (HU 


25 


DEC H 




B Irrr 


CP reg 


26 w 


LD H.data 




BE 


CP (HU 


27 


DAA 




CO 


RET NZ 


28 disp-2 


JR Z.disp 




CI 


POP BC 


29 


ADO HL,HL 




C2 ppqq 


JP NZ,addf 


2A ppqq 


LD HL.(sddr) 




C3 ppqq 


JP addr 


2B 


DEC HL 




C4 ppqq 


CALL NZ,addr 


2C 


INC L 




C5 


PUSH BC 


2D 


DEC L 




C6 w 


ADO A.data 


26 


LD L,data 




C7 


RST OOH 


2F 


CPL 




C8 


RET Z 


30 disp-2 


JR NCdisp 




C3 


RET 


31 WW 


LD SP.dataie 




CA ppqq 


JP Z.addr 


32 ppqq 


LD (addr).A 




CB Orrr 


RLC reg 


33 


INC SP 




CB06 


RLC (HL) 


34 


INC (HL) 




CB Irrr 


RRC reg 


35 


DEC (HL) 




CB OE 


RHC (HL) 


36 w 


LD (HL),data 




CB 1 Orrr 


RL reg 


37 


SCF 




CB 16 


RL (HL) 


33 


JR C.disp 




CB 1 Irrr 


RR reg 



3-40 



Table 3-5. Instruction Object Codes in Numerical Order (Continued) 



OBJECT CODE 


INSTRUCTION 


CB IE 


RR 


(HL) 


CB2 0nT 


SLA 


reg 


CB 26 


SLA 


(HL) 


CB 2 Irrr 


SRA 


reg 


CB 2E 


SRA 


(HU 


CB 3 Irrr 


SRL 


reg 


CB 3E 


SRL 


(HL) 


CBOIbbbrrr 


BIT 


b.reg 


CB 01bbb110 


BIT 


b.lHU 


1 CB tObbbm 


RES 


b.reg 


CB 10bbb110 


RES 


b.lHL) 


CB 1 1bbbrrr 


SET 


b.reg 


CB t1bbb110 


SET 


b,(HL) 


CC ppqq 


CALL 


Z.addr 


CD ppqq 


CALL 


addr 


CEyy 


ADC 


A.dsta 


CF 


RST 


08H 


DO 


RET 


NC 


01 


POP 


DE 


02 ppqq 


JP 


NC.addr 


03 w 


OUT 


(portKA 


04 ppqq 


CALL 


NC.addr 


OS 


PUSH 


DE 


06vy 


SUB 


data 


07 


RST 


10H 


08 


RET 


C 


09 


EXX 




DA ppqq 


JP 


C.addr 


DB yv 


IN 


A,(port) 


DC ppqq 


CALL 


Caddr 


DDOOxx 9 


ADO 


IX.pp 


OD 21 vwy 


LD 


IX.datate 


DD 22 ppqq 


LO 


(addr).IX 


OD 23 


INC 


IX 


OD 2A ppqq 


LO 


IX,(addr| 


DD 2B 


OEC 


IX 


DD 34 disp 


INC 


(IX + disp) 


DO 35 disp 


DEC 


(IX + disp) 


DO 36 disp YV 


LD 


(IX + disp),data 


OOnidddllOdisD 


LO 


reg.dX + disp) 


00 / Osss diSD 


LD 


(IX + dispKreg 


00 86 disp 


ADO 


A.dX't'disp) 


DD 8E disp 


ADC 


A.(IX + disp) 


DO 96 disp 


SUB 


(IX + disp) 


DD 9E disp 


SBC 


A,(IX + disp) 


00 A6 disp 


AND 


flA ^ ulSpi 


OD AE disp 


XOR 


(IX + disp) 


OD B6 disp 


OR 


(IX + disp) 


DD BE disp 


CP 


(IX + disp) 


00 CB disp 06 


RLC 


(IX + disp) 


DD CB disp OE 


RRC 


(IX + disp) 


DO CB disp 16 


RL 


IIX -f disp) 


DO CB disp IE 


RR 


(IX + disp) 


DD CB disp 26 


SLA 


(IX + disp) 


DD CB disp 2E 


SRA 


(IX -I- disp) 


DD CB disp 3E 


SRL 


(IX + disp) 


DD CB disp OlbbbllO 


BIT 


b.<IX + disp) 



OBJECT CODE 


INSTRUCTION 


00 CB disp lObbbllO 


RES 


b,(IX + disp) 


00 CB disp 11bbb110 


SET 


b,(IX + disp) 


00 El 


POP 


IX 


00 E3 


EX 


(SP),IX 


DO E5 


PUSH 


IX 


DO E9 


JP 


(IX) 


DO F9 


LD 


SP.IX 


DE V¥ 


SBC 


A,data 


OF 


RST 


18H 


EO 


RET 


PO 


El 


POP 


HL 


E2 ppqq 


JP 


PO.addr 


E3 


EX 


(SP),HL 


E4 ppqq 


CALL 


PO,addr 


E5 


PUSH 


HL 


E6 yy 


AND 


data 


E7 


RST 


20H 


E8 


RET 


PE 


E9 


JP 


(HL) 


EA ppqq 


JP 


PE,addr 


EB 


EX 


DE,HL 


EC ppqq 


CALL 


PE.addr 


EO OldddOOO 


IN 


rag.lC) 


ED dsssOOl 


OUT 


(C).reg 


EO 01 XX 2 


SBC 


HL,rp 


EO 01 XX 3 ppqq 


LD 


(addr),rp 


EO 44 


NEG 




ED 45 


RETN 




ED OlOnnllO 


IM 


m 


ED 47 


LO 


I.A 


ED Olxx A 


ADC 


HL,rp 


EO Olxx B ppqq 


LD 


rp,(addr) 


ED 40 


RETI 




ED 4F 


LD 


R,A 


EO 57 


LO 


A,l 


ED 5F 


LD 


A,R 


ED 67 


RRO 




ED 6F 


RLD 




EO AO 


LOI 




EO A1 


CPI 




ED A2 


INI 




EO A3 


OUTI 




ED AS 


LOO 




ED A9 


CPD 




ED AA 


IND 




ED AB 


ru rrr\ 
UU 1 U 




EO BO 


LDIR 




ED B1 


CPIR 




ED B2 


INIR 




ED 83 


OTIR 




EO 68 


LDDR 




ED B9 


CPDR 




ED BA 


INOR 




EO B8 


OTDR 




EE w 


XOR 


data 


EF 


RST 


28H 
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Table 3-5. Instruction Object Codes in Numerical Order (Continued) 



OBJECT CODE 


INSTRUCTION 




OBJECT CODE 


INSTRUCTION 


FO 


RET 


P 




FD 8E disp 


ADC 


A,IIY + disp) 


F1 


POP 


AF 




FD 96 disp 


SUB 


(lY + disp) 


F2 ppqq 


JP 


P.addr 




FD 9E disp 


SBC 


A,(IY -1- disp) 


F3 


01 






FD A6 disp 


AND 


(lY + disp) 


F4 ppqq 


CALL 


P.addr 




FD AE disp 


XOR 


(lY + disp) 


F5 


PUSH 


AF 




FD Be disp 


OR 


((Y + disp) 


F6 VV 


OR 


data 




FD BE disp 


CP 


(lY + disp) 


F7 


RSI 


30H 




FD CB disp 06 


RLC 


(lY + displ 


F8 


RET 


M 




FD CB disp OE 


RRC 


(lY -f disp) 


F9 


LD 


SP.HL 




FO CB disp 16 


RL 


IIY + disp) 


FA ppqq 


JP 


M.addr 




FD CB disp IE 


RR 


IIY + disp) 


FB 


El 






FD CB dtsp 26 


SLA 


(lY + disp) 


FC ppqq 


CALL 


M.addr 




FD CB disp 2E 


SRA 


IIY + disp) 


FD OOxx 9 


ADO 


lY.rr 




FD CB disp 3E 


SRL 


(lY + disp) 


FD 21 wyy 


LD 


IY,data16 




FD CB disp OlbbbllO 


BIT 


b,(!Y + disp) 


FD 22 ppqq 


LD 


(addr),IY 




FD CB disp lObbbllO 


RES 


b,(IY + disp} 


FD 23 


INC 


lY 




FDCBdisp nbbbllO 


SET 


b,(IY + disp) 


FD 2A ppqq 


LD 


IY,(addr) 




FD El 


POP 


lY 


FD 2B 


DEC 


lY 




FD E3 


EX 


(SP),IY 


FD 34 disp 


INC 


(lY + disp) 




FD E5 


PUSH 


lY 


FD 35 disp 


DEC 


(lY + disp) 




FD E9 


JP 


(lY) 


FD 36 disp yy 


LD 


(lY + disp),data 




FD F9 


LD 


SP.IY 


FD OldddllOdisp 


LD 


ng.Wy + disp) 




FEW 


CP 


data 


FD 7 Osss disp 


LD 


(lY + disp),rBg 




FF 


RST 


38H 


FD 86 disp 


ADD 


A,(IY + disp) 
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ADC A,data — ADD IMMEDIATE WITH CARRY TO 
ACCUMULATOR 



S Z Ac P/O N C 
F | X IX I X jXl |X ^ 



B,C 
D,E 
H.L 
SP 
PC 
IX 
lY 
I 

R 





Data 
Memory 



Program 
Memory 



CE 



yy 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



ADC A, data 

Add the contents of the next program memory byte and the Carry status to the Ac- 
cumulator 

Suppose xx=3A-|5, yy=7Ci6' ^nd Carrv=0. After the instruction 

ADC A,7CH 

has executed, the Accumulator will contain B616: 

3A = 1 1 10 10 
7C = 1 1 1 110 
Carry = 



1 sets S to 



1 

-J) 



No carry, set C to 0- 



Oil 0110 



t 



0¥1=1, set P/O to 1 



Non-zero result, set Z to 

Carry, set Ac to 1 

Addition instruction, set N to 



The ADC instruction is frequently used in multibyte addition for the second and subse- 
quent bytes. 
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ADC A.reg — ADD REGISTER WITH CARRY TO 
ACCUMULATOR 




ADC A, reg 

10001 XXX 

000 for reg=B 

001 for reg=C 

010 for reg=D 

011 forreg=E 

100 forreg=H 

101 for reg=L 
111 for reg=A 

Add the contents of Register A, B, C, D, E, H or L and tfie Carry status to the Accumula- 
tor. 

Suppose xx=E3i6. Register E contains AOig. and Carry=1. After the instruction 

ADC A,E 

has executed, the Accumulator will contain 84i6: 

E3 = 1 1 1 11 
AO =1010 0000 
Carry = 1_ 



1000 100 



1 sets S to 1 
Carry, set C to 1. 



1 ¥■ 1 =0. set P/0 to 



Non-zero result, set Z to 
No carry, set Ac to 
Addition instruction, set N to 



The ADC instruction is most frequently used in multibyte addition for the second and 
subsequent bytes. 
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ADC A,(HL) — ADD MEMORY AND CARRY TO 
ADC A,(IX+disp) ACCUMULATOR 
ADC A,(IY+disp) 



S Z AcP/O N C 



Data 
Memory 




mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



The illustration shows execution of ADC A,(HL): 

ADC AjHU 
8E 

Add the contents of memory location (specified by the contents of the HL register pair) 
and the Carry status to the Accumulator. 

Suppose xx=E3-|5, yY=A0i6. and Carry=1. After the instruction 

ADC A.(HL) 

has executed, the Accumulator will contain 84i6: 

E3 = 1 1 1 11 
AO =1010 0000 
Carry = 



1 sets S to 1 
Carry, set C to 1- 



*]1 



!_ 

1000 100 



1 ¥ 1 =0, set P/0 to 



Non-zero result, set Z to 
No carry, set A^ to 
Addition instruction, set N to 



ADC A,(IX+disp) 



DD 8E d 

Add the contents of memory location (specified by the sum of the contents of the IX 
register and the displacement digit d) and the Carry to the Accumulator. 

ADC A,(IY+disp) 
FD 8E d 

This instruction is identical to ADC A,(IX+disp), except that it uses the lY register in- 
stead of the IX register. 

The ADC instruction is most frequently used in multibyte addition for the second and 
subsequent bytes. 
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ADC HL,rp — ADD REGISTER PAIR WITH CARRY TO H AND L 



S Z AcP/O N C 

Fixixrxixioixi 



Data 
Memory 



A 

B.C 
D,E 
H.L 
SP 
PC 
IX 
lY 
I 

R 















XX 


XX 




mmmm 














ADC 




mm mm 
mmmm + l 
mmmm + 2 
mmmm + 3 



HL.rp 




ED 1 X X 1 1 

00 for rp is register pair BC 

01 for rp is register pair DE 

10 for rp is register pair HL 

1 1 for rp is Stack Pointer 

Add the 16-bit value from either the BC, DE, HL register pair or the Stack Pointer, and 
the Carry status, to the HL register pair. 

Suppose HL contains A536-16. BC contains 1044i6. and CarrY=1. After execution of 

ADC HLBC 

the HL register pair will contain: 

A536 = 10100101 001 1 0110 
1044 = 00010000 0100 0100 
Carry = 1 



1 sets S to 1 
No carry, set C to 0-. 



1011 0101 0111 1011 



0V0=0. set P/0 to 



-Non-zero result, set Z to 
-No carry, set Ac to 
Addition instruction, set N toO 



The ADC instruction is most frequently used in multibyte addition for the second and 
subsequent bytes. 
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ADD A,clata — ADD IMMEDIATE TO ACCUMULATOR 

S Z AcP/O N C oaxa 

Memory 



F |X|X|X|Xl tXj 



B,C 
O.E 
H.L 
SP 
PC 
IX 
lY 
I 

R 





Program 
Memory 



C6 



■77- 



ADD A, data 
C6 yy 

Add the contents of the next program memory byte to the Accumulator. 
Suppose xx=3Ai5, yy=7Ci6. ai^cl Carry=0. After the instruction 

ADD A,7CH 

has executed, the Accumulator will contain 6616^ 

3A = 1 1 10 10 
7C = 1 1 1 110 



1 sets S to 



No carry, set C to 0« 



Oil 110 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



0V1=1; set P/0 to 1 
This is a routine data manipulation instruction. 



Non-zero result, set Z to 

Carry, set Ac to 1 

Addition instruction, set N to 
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ADD A.reg — ADD CONTENTS OF REGISTER TO 
ACCUMULATOR 

S Z P/O n c 
F jX 1X|X1X|0|X.| 



A 
B,C 
D,E 
H,L 
SP 
PC 
IX 
lY 
I 

R 




contents of 
'A.B.CD.E, 
H or L is yy 




Data 
Memorv 



Program 
Memory 



lOOOOxxx 



mmmm 
mmmm + 1 
mmmnn + 2 
mmmm + 3 



ADD 
10000 



reg 



XXX 

000 for reg=B 

001 for reg=C 

010 for reg^D 

01 1 for reg=E 

100 for reg =H 

101 for reg=L 
111 for reg=A 

Add the contents of Register A. B, C, D. E, H or L to the Accumulator, 
Suppose xx=E3i6. Register E contains AOis- After execution of 

ADD A,E 



the Accumulator will contain 83ig: 



E3 = 1110 
AO = 10 10 



00 11 
0000 



1 sets S to 1 
Carry, set C to 1 



000 00 11 



1 V- 1 =0, set P/O to 
This is a routine data manipulation instruction 



Non-zero result, set Z to 
No carry, set Ac to 
Addition instruction, set N to 
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ADD A,|HL) — ADD MEMORY TO ACCUMULATOR 
ADD A,(IX+disp) 
ADD A,(IY+disp) 

S Z AcP/O N C 
F|X|X|X|X|0Tx1 



Data 
Memory 



A 

B,C 
D,E 
H,L 
SP 
PC 
IX 
lY 
I 

R 





XX 
















mmmm 


ppqq 











ppqq + d 




mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



The illustration shows execution of ADD A,(IX+disp). 

^^Am^MX+disp 

DD 86 d 

Add the contents of memory location (specified by the sum of the contents of the IX 
register and the displacement digit d) to the contents of the Accumulator 

Suppose ppqq=4000i6, xx=1A-]6- and memory location 400F-|5 contains 50-|6- After 
the instruction 

ADD A,(IX+OFH) 

has executed, the Accumulator will contain 6A15. 

1A = 000 1 10 10 



50 



10 1 0000 



sets S to 
No carry, set C to 0- 





J 



1 1 



10 10 



{ 



Non-zero result, set Z to 
No carry, set Ac to 
Addition instruction, set N to 



0¥0=0; set P/0 to 

^ADp^A^ +disp) 

FD 86 d 

This instruction is identical to ADD A,(IX+disp). except that it uses the lY register in- 
stead of the IX register. 

ADD A,(HL) 
86 

This version of the instruction adds the contents of memory location, specified by the 
contents of the HL register pair, to the Accumulator. 

The ADD instruction is a routine data manipulation instruction. 
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ADD HLrp-- ADD REGISTER PAIR TO H AND L 

S Z AqP'O N C 

^1 i |x| 



Data 
Memory 



A 
BC 
D E 
H L 
SP 
PC 
IX 
lY 
I 

R 















XX 


XX 




mmmm 


















mrnrTim 
mmmm + 1 
mmmm + 2 
mmmm + 3 



ADD HL.rp 




00 XX 1001 

00 for rp is register pair BC 

01 for rp is register pair DE 

10 for rp is register pair HL 

1 1 for rp is Stack Pointer 

Add the 1 6-bit value from either the BC, DE, HL register pair or the Stack Pointer to the 
HL register pair. 

Suppose HL contains 034A-|5 and BC contains 2l4Ci6. After the instruction 

ADD HLBC 

has executed, the HL register pair will contain 2496-15. 

034A = 0000 0011 0100 1010 
214C = 0010 00010100 1100 



00100100 1001 0110 



No carry, set C to 



-No carry, set Ac to 
Addition instruction, set N to 



The ADD HL,HL instruction is equivalent to a 16-bit left shift. 
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ADD xy,rp — ADD REGISTER PAIR TO INDEX REGISTER 

S Z Ac P/0 N C 



A 
BC 
D.E 
H,L 
SP 
PC 
IX 
lY 
I 

R 











rr 


ss 








mmmm 


ppqq 











The illustration shows execution of ADD IX, DE. 

ADD xy rp 



11 yl 1101 OO.xx 1001 




Data 
Memory 



Program 
Memory 



llylllOl 



OOxxlOOl 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



for Index register=1X 00 for rp is register pair BC 

1 for Index register=IY 01 for rp is register pair DE 

10 for rp is specified Index register 

1 1 for rp is Stack Pointer 

Add the contents of the specified register pair to the contents of the specified Index 
register. 

Suppose lY contains 4FF0i6 arid BC contains OOOFig After the instruction 

ADD lY.BC 

has executed. Index Register lY will contain 4FFF15. 
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AND data— AND IMMEDIATE WITH ACCUMULATOR 



S Z Ac P/O N C 
F |X|X| 1 IXTOTOI 



B,C 
D,E 
H,L 
SP 
PC 
IX 
lY 
I 

R 





Data 
Memory 



Program 
Memory 



E6 



W 



AND data 
E6 yv 

AND the contents of the next program memory byte to the Accumulator. 
Suppose xx=3A-|g. After the instruction 

AND 7CH 

has executed, the Accumulator will contain 38i5. 

3A = 1 1 10 10 
7C = 111 1100 

00 11 1000 



sets S to 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



•Three 1 bits, set P/O to 



Non-zero result, set Z to 



This is a routine logical instruction: it is often used to turn bits "off" For example, the 
instruction 

AND 7FH 

will unconditionally set the high order Accumulator bit to 0. 
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AND reg — AND REGISTER WITH ACCUMULATOR 



^ ^ ■ " ■ - - 

IXlXl 1 IX loioi 






XX 
















mmmm 















I contents of 

\ ^A,B,C.D,E, 

I H or L is VY 



Data 
Memory 




Program 
Memory 



lOlOOxxx 



mrT>mm 
mmmm + 1 
mmmm + 2 
mmmm + 3 




XXX 

000 for reg = B 

001 for reg = C 

010 for reg =D 

011 for reg=E 

100 for reg =H 

101 for reg=L 
111 for reg=A 

AND the Accumulator with the contents of Register A, B, C, D. E, H or L. Save the result 
in the Accumulator. 

Suppose xx=E3i6. Register E contains AOis After the instruction 

AND E 

has executed, the Accumulator will contain AOig. 

E3 = 1 1 1 11 



AO 



10 10 0000 



10 10 



1 sets S to 



0000 

i 



> — Two 1 bits, set P/0 to 1 
Non-zero result, set Z to 



AND is a frequently used logical instruction. 
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AND (HL) — AND MEMORY WITH ACCUMULATOR 
AND (IX+disp) 
AND (lY+disp) 



S Z Ac P/O N C 
F lXlxn |X|0|0| 



Data 
Memory 



A 

B.C 
D,6 
H,L 
SP 
PC 
IX 
lY 
I 

R 





XX 
















mmmm 


ppqq. 






1 






mmmm 

+ 1 

mmmm + 2 
mmmm + 3 



The illustration shows execution of AND (lY+disp). 

^ MJD jlY+disp) 
FD A6 d 

AND the contents of memory location (specified by the sum of the contents of the lY 
register and^the displacement digit d) with the Accumulator. 

Suppose xx=E3i5, ppqq=4000i 5, and memory location 400F-| 5 contains AO^ q. After 
the instruction 

AND (lY+OFH) 

has executed, the Accumulator will contain AO15. 

E3 = 1 1 1 111 
AO = 1010 0000 



1 sets S to 1 



10 10 0000 

i 



-Two 1 bits, set P/O to 1 
-Non-zero result, set Z to 



AND_(IX+dJs^p) 
DD A6 d 

This instruction is identical to AND (lY-Fdisp), except that it uses the IX register instead 
of the lY register. 

AND (HL) 
A6 

AND the contents of the memory location (specified by the contents of the HL register 
pair) with the Accumulator. 

AND is a frequently used logical instruction. 
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BIT b,reg — TEST BIT b IN REGISTER reg 



S Z Ac P/0 N I 
F I u I b I 1 I u I I 



A 

B,C 
D,E 
H.L 
SP 
PC 
IX 
lY 
t 



yyybyyyy, 




BIT b, reg 

CB01 bbb xxx^ 

Bit Tested 

1 
2 
3 
4 
5 
6 
7 



Register 



000 


000 


B 


001 


001 


c 


010 


010 


D 


01 1 


oil 


E 


100 


100 


H 


101 


101 


L 


1 10 


111 


A 


1 1 1 







Data 
Memory 



Program 
Memory 



CB 



Olbbbxxx 



mm mm 
mmmrr) + 1 
mmmm + 2 
mmmm + 3 



Place complement of indicated register's specified bit in Z flag of F register. 

Suppose Register C contains 1110 1111. The instruction BIT 4,C will then set the Z flag 
to 1, while bit 4 in Register C remains 0. Bit is the least significant bit. 
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BIT b.(HL) — TEST BIT b OF INDICATED MEMORY POSITION 
BIT b,(IX+disp) 
BIT b,(IY+dlsp) 



f 



S Z AcP/O N C 
F l u IFI 1 I u|0 I I 



Data 



A 
B,C 
D E 
H.L 
SP 
PC 
(X 
lY 
I 





















PP 


qq 








mmmm 
















1 








Memory 










Vyyivwy 





POTq 




Program 
Memory 



CB 



OlbbbllO 



mrpmm 
mmmm + 
mmmm + 
mmmm + 



The illustration shows execution of BIT 4,(HL). Bit is the least significant bit 

BIT JD^ (HL) 

CB01 bbb 110 

Bit Tested bbb 
000 




1 
2 
3 
4 
5 
6 
7 



001 
010 

oil 

100 
101 
110 

111 



Test indicated bit within memorY position specified by the contents of Register HL, and 
place bit's complement in Z flag of the F register. 

Suppose HL contains 4000H and bit 3 in memory location 4000H contains 1. The in- 
struction 

BIT 3,(HL) 

will then set the Z flag to 0. while bit 3 in memory location 4000H remains 1. 

BIT b,(IX+disp) 




DD CB d 01 bbb 110 

bb.b is the same as in BIT b.(HL) 

Examine specified bit within memory location indicated by the sum of Index Register IX 
and disp. Place the complement in the Z flag of the F register. 
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Suppose Index Register IX contains 4000H and bit 4 of mennorY location 4004H is 0. 
The instruction 

BIT 4,{IX+4H) 

will then set the Z flag to 1, while bit 4 of nnemory location 4004H remains 

BIT b,{IY+disp) 




^ CB d 01 bbb 1 10 

bbb is the same as in BIT b,(HL) 

This instruction is identical to BIT b,(IX+disp), except that it uses the lY register instead 
of the IX register. 

CALL label— CALL THE SUBROUTINE IDENTIFIED IN THE 
OPERAND 



S Z Ac P/O N C 
M I I I I I I 



Data 



A 
B,C 
0,E 
H,L 
SP 
PC 
IX 
lY 

i| 
R 



XXXX-2 



mmmm +■ 3 





Memory 




mm + 3 




mm 




Program 



XXXX- 2 

XXXX- 1 

xxxx 





Memory 




CD 


PP 


\ 


qq 







mmmm + 1 
mmmm + 2 
mmmm + 3 




ppqq 



Store the address of the instruction following the CALL on the top of the stack: the top 
of the stack is a data memory byte addressed by the Stack Pointer Then subtract 2 
from the Stack Pointer in order to address the new top of stack. Move the 1 6-bit address 
contained in the second and third CALL instruction object program bytes to the Pro- 
gram Counter. The second byte of the CALL instruction t& the low-order half of the ad- 
dress, and the third byte is the high-order byte. 

Consider the instruction sequence: 



CALL 
AND 



SUBR 
7CH 



SUBR 

After the instruction has executed, the address of the AND instruction is saved at the 
top of the stack. The Stack Pointer is decremented by 2. The instruction labeled SUBR 
will be executed next. 
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CALL condition,label — CALL THE SUBROUTINE IDENTIFIED IN 

THE OPERAND IF CONDITION IS 
SATISFIED 



CALL condition, label 




Relevant Flag 

000 NZ Non-Zero Z 

001 Z Zero Z 

010 NC Non-Carry C 

01 1 C Carry C 

100 PO Parity Odd P/0 

101 PE Parity Even P/0 

110 P Sign Positive S 

111 M Sign Negative S 

This instruction is identical to the CALL instruction, except that the identified 
subroutine will be called only if the condition is satisfied; otherwise, the instruction se- 
quentially following the CALL condition instruction will be executed. 

Consider the instruction sequence; 

CALL ! COND,SUBR 

condition not satisfied 



AND T 7CH 



V 



condition 
satisfied 

SUBR 



If the condition is not satisfied, the AND instruction will be executed after the CALL 
COND.SUBR instruction has executed. If the condition is satisfied, the address of the 
AND instruction is saved at the top of the stack, and the Stack Pointer is decremented 
by 2. The instruction labeled SUBR will be executed next. 
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CCF — COMPLEMENT CARRY FLAG 

S Z Ac P/O N C 



-M I I I Ixb 



A 
B,C 
D,E 
H,L 
SP 
PC 
IX 
lY 
I 

R 






















mmmrn 












1 



Data 
Memory 




Program 
Memory 



3F 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



CCF 
3F 



Complement the Carry flag. No other status or register contents are affected. 
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CP data — COMPARE IMMEDIATE DATA WITH 
ACCUMULATOR 



S Z Ac P/O N C 

|x|x|x<x| i7x1 



A 
B.C 
D.E 
H,L 
SP 
PC 
IX 
lY 
I 

R 



mmmm 





Data 
Memory 



Program 
Memory 



FE 



yv 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



CP 
FE 



data 



VV 



Subtract the contents of the second object code byte from the contents of the Ac- 
cumulator, treating both numbers as simple binary data. Discard the result; i e., leave 
the Accumulator alone, but modify the status flags to reflect the result of the subtrac- 
tion. 

Suppose xx=E3i5 and the second byte of the CP instruction object code contains 
A0i6 After the instruction 

CP OAOH 

has executed, the Accumulator will still contain E3-] 5, but statuses will be modified as 
follows: 

E3 - 1 1 1 00 11 
AO = 1010 0000 



sets S to 
No borrow, set C to 0- 



100 00 11 



£^ T — Non 



1-V-1=0, set P/O toO 
Notice that the resulting carry is complemented. 



zero result, set Z to 
No borrow, set Aq to 
Subtract instruction, set N to 1 
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CP reg — COMPARE REGISTER WITH ACCUMULATOR 



S Z Ac P/O N C 

F |x|x|x ixfTFI 



A 
B.C 
D,E 
H,L 
SP 
PC 
IX 
lY 
I 

R 





XX 
















mmmm 










Contents of 
'A,B,C,D,E,H 
or L is yy 




Data 
Memorv 



Program 
Memory 



lOlllxxx 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



CP 



reg 



10111 



XXX 

000 
001 
010 
Oil 
100 
101 
111 



for reg=B 
for reg=C 
for reg=D 
for reg=E 
for reg=H 
for reg=L 
for reg=A 



Subtract the contents of Register A, B, C, D, E, H or L from the contents of the Ac- 
cumulator, treating both numbers as simple binary data. Discard the result; i.e., leave 
the Accumulator alone, but modify status flags to reflect the result of the subtraction. 

Suppose xx=E3i5 and Register B contains AO15. After the instruction 

CP B 

has executed, the Accumulator will still contain E3i5, but statuses will be modified as 
follows: 



E3 = 1110 
AO = 10 10 



00 11 
0000 



sets S to 
No borrow, set C to 



100 00 11 



[ 



1 -V- 1 =0. set P/0 to 
Notice that the resulting carry is complemented. 



Non-zero result, set Z to 
No borrow, set Aq to 
Subtract instruction, set N to 1 
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CP (HL) — COMPARE MEMORY WITH ACCUMULATOR 
CP (IX+disp) 
CP (lY+disp) 



S Z Aq P'O n c 
|X|X|X]X11 1x1 



A 
BC 
D.E 
HL 
SP 
PC 
IX 
lY 
I 

R 





XX 










PP 


qq 




mmmm 

















ppqq 

j 




Program 
Memory 



BE 



mmmm + 1 
mmmm + 2 
mmmm * 3 



The illustration shows execution of CP (HL): 

CP (HU 

BE 

Subtract the contents of memory location (specified by the contents of the HL register 
pair) from the contents of the Accumulator, treating both numbers as simple binary 
data. Discard the result: i.e.. leave the Accumulator alone, but modify status flags to 
reflect the result of the subtraction 

Suppose xx=E3i5 and yy=A0-|5. After execution of 

CP (HL) 

the Accumulator will still contain E3^Q. but statuses will be modified as follows: 

E3 = 1 1 1 00 11 
AO = 0110 0000 



sets S to 
No borrow, set C to 0- 





J 



100 00 11 



t 



1 -N^ 1 =0, set P/0 to 
Notice that the resulting carry is complemented. 

CP (IX+disp) 



Non-zero result, set Z to 
No borrow, set Aq to-0 
Subtract instruction, set N to 1 



DD BE d 



3-62 



Subtract the contents of nriemory location (specified by the sum of the contents of the 
IX register and the displacement value d) from the contents of the Accumulator, treat- 
ing both numbers as simple binary data. Discard the result: i.e., leave the Accumulator 
alone, but modify status flags to reflect the result of the subtraction. 

CPjIY+disp) 
FD BE d 

This instruction is identical to CP (IX+disp), except that it uses the lY register instead of 
the IX register. 



CPD — COMPARE ACCUMULATOR WITH MEMORY. 

DECREMENT ADDRESS AND BYTE COUNTER 




A 
B,C 
0,E 
H.L 
SP 
PC 
IX 
lY 
I 

R 



Z AcP/0 N 

= |x|x|x] ^^iJJ^ 



Set if BC-1 jtO, 
reset otherwise 



PP 




qq 



XX -yy 



ttuu-1 




ppqq-1 



Data 
Memory 



VV 




mmmm + 2 



Program 
Memory 



ED 



A9 




ppqq 

j 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



Compare the contents of the Accumulator with the contents of memory location 
(specified by the HL register pair). If A is equal to memory, set Z flag. Decrement the HL 
and BC register pairs. (BC is used as the Byte Counter.) 
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Suppose xx=E3i6, ppqq=4000i5, BC contains 0001 ig. and yy=A0i5. After the in- 
struction 

CPD 

has executed, the Accumulator will still contain E3i 5. but statuses will be modified as 
follows: 

E3 = 1 1 1 11 
AO =1010 0000 



100 00 11 

sets S to 0<*a — J ^ — Non-zero result, set Z to 

^ No borrow, set A^ to 

The P/0 flag will be reset 
because BC-1 =0 



Subtract instruction involved, 
set N to 1 



Carry not affected. 

The HL register pair will contain 3FFF15, and BC=0 

CPDR — COMPARE ACCUMULATOR WITH MEMORY. 

DECREMENT ADDRESS AND BYTE COUNTER. 
CONTINUE UNTIL MATCH IS FOUND OR BYTE 
COUNTER IS ZERO 



CPDR 
ED B9 

This instruction is identical to CPD, except that it is repeated until a match is found or 
the byte counter is zero. After each data transfer, interrupts will be recognized and two 
refresh cycles will be executed. 

Suppose the HL register pair contains 5OOO15, the BC register pair contains OOFF-jg, 
the Accumulator contains F9i5. and memory has contents as follows: 

Location Contents 

5OOO16 AA16 

4FFF16 BC16 

4FFE16 19i6 

4FFD16 7Ai6 



After execution of 



4FFC16 F9i6 
4FFB16 DDi6 



CPDR 



the P/0 flag will be 1 . the Z flag will be 1, the HL register pair will contain 4FFB15, and 
the BC register pair will contain OOFAis- 
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CPI — COMPARE ACCUMULATOR WITH MEMORY. 
DECREMENT BYTE COUNTER. 
INCREMENT ADDRESS 




Z Ac P/0 N 



f I x I x I xI h i I SetifBC-1^0, 



reset otherwise 



A 
B.C 
D.E 
H.L 
SP 
PC 
IX 
lY 
I 

R 






XX 


tt 


uu 






pp 


qq 




mmmm 









xx-yy 



ttuu-1 




ppqq + 1 



Data 
Memory 



yy 



ppqq 

t 




mmrnm + 2 



Program 
Memory 



ED 



A1 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 




Compare the contents of the Accumulator with the contents of memory location 
(specified by the HL register pair). If A is equal to memory, set the Z flag. Increment the 
HL register pair and decrement the BC register pair (BC is used as Byte Counter). 

Suppose xx=E3-|5, ppqq=4000i6, BC contains 0032i5, and yy=E3-|5 After the in- 
struction 

CPI 

has executed, the Accumulator will still contain E3i g, but statuses will be modified as 
follows: 



E3 = 1111 
-E3 = 00 



00 11 
110 1 



sets S to 



0000 0000 



Result is 0, set Z to 1 

■ No borrow, set Aq to 

The P/0 flag will be set 
because BC-1 # 0, 

Subtract instruction involved, 
set N to 1. 



Carry not affected 
The HL register pair will contain 4001 15, and BC will contain 0031 ig. 
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CPIR — COMPARE ACCUMULATOR WITH MEMORY. 
DECREMENT BYTE COUNTER. 
INCREMENT ADDRESS. 
CONTINUE UNTIL MATCH IS FOUND 
OR BYTE COUNTER IS ZERO 

CPIR 

ED B1 

This instruction is identical to CPI, except that it is repeated until a match is found or 
the byte counter is zero. After each data transfer interrupts will be recognized and two 
refresh cycles will be executed. 

Suppose the HL register pair contains 45OO15, the BC register pair contains OOFF-15, 
the Accumulator contains F9i5, and memory has contents as follows: 

Location Contents 

45OO16 AA16 
45OI16 15i6 
450216 F9i6 

After execution of 

CPIR 

the P/0 flag will be 1 , and the Z flag will be 1 . The HL register pair will contain 4503] g, 
and the BC register pair will contain OOFCiq. 
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CPL — COMPLEMENT THE ACCUMULATOR 



S Z Aq P/O N C 
f | I hi hi I 



A 
8,C 
0,E 
H,L 
SP 
PC 
IX 
lY 
I 

R 





XX 
















mmmm 

















Data 
Memory 



Program 
Memory 



2F 



mmmm 
mmmm + 1 

mmmm + 2 

mmmm -f 3 



CPL 




Complement the contents of the Accumulator. No other register's contents are 
affected. 

Suppose the Accumulator contains 3A-\q. After the instruction 

CPL 

has executed, the Accumulator will contain C5-|g. 

3A = 1 1 1 1 
Complement =1100 0101 

This is a routine logical instruction. You need not use it for binary subtraction; there are 
special subtract instructions (SUB, SBC), 
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DAA — DECIMAL ADJUST ACCUMULATOR 



S Z Ac P/O N C 

- »x|x|x|x| iq 



A 
B,C 
D,E 
H,L 
SP 
PC 
IX 
lY 





XX 
























mmmm 














1 



Convert to 
decimal 



Data 
Memory 




Program 
Memory 



27 



mmmm 
mmmm + 1 

mmmm + 2 

mmmm -f 3 



DAA 
27 

Convert the contents of the Accunnulator to binarY-coded decinnal form. This instruc- 
tion should only be used after adding or subtracting two BCD numbers: i e , look upon 
ADD DAA or ADC DAA or INC DAA or SUB DAA or SBC DAA or DEC DAA or NEG DAA 
as compound, decimal arithmetic instructions which operate on BCD sources to gener- 
ate BCD answers. 

Suppose the Accumulator contains 39i6 and the B register contains 47-| g After the in- 
structions 

ADD B 
DAA 

have executed, the Accumulator will contain B6-\q. not SO^q. 

Z80 CPU logic uses the values in the Carry and Auxiliary Carry, as well as the Ac- 
cumulator contents, in the Decimal Adjust operation. 
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DEC reg — DECREMENT REGISTER CONTENTS 



S Z Ac P/O N C 

p ixixixix{i"n 



A 
B.C 
D.E 
H,L 

SP 
PC 

IX 

lY 
I 

R 





















mmmm 










I if Contents of A, 
> — iN-B, C, D, E, H, 

1 or L is yy 




Data 
Memory 



Program 
Memory 



OOxxxlOI 



mmmnn 
mmmm + 1 
mmmm + 2 
mmmm + 3 



DEC reg 




00 XXX 101 



B 
C 
D 
E 
H 
L 
A 

Subtract 1 from the contents of the specified register. 
Suppose Register A contains 5O15. After execution of 

DEC A 

Register A will contain 4Fig. 



000 
001 
010 
01 1 
100 
101 
1 1 1 



for reg= 
for reg = 
for reg= 
for reg= 
for reg= 
for reg= 
for reg= 
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DEC rp — DECREMENT CONTENTS OF SPECIFIED REGISTER 
DEC IX PAIR 
DEC lY 



S Z Ac P/0 N C 
I I I I I I 



A 

B,C 
D.E 
H.L 
SP 
PC 
IX 
lY 
I 

R 





















mmmm 

















\ ^ Contents of BC, 
l^^DE, HL or SP . 

is yyyy 



Data 
Memory 




Program 
Memory 



OOxxlOI 1 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



The illustration shows execution of DEC rp: 

DEC rp 



00 XX 1011 



00 for rp IS register pair BC 

01 for rp is register pair DE 

10 for rp is register pair HL 

1 1 for rp is Stack Pointer 

Subtract 1 from the 1 6-bit value contained in the specified register pair. No status flags 
are affected. 

Suppose the H and L registers contain 2F00i6 After the instruction 

DEC HL 

has executed, the H and L registers will contain 2EFF-|q. 

DEC IX 
DD 2B 

Subtract 1 fronn the 16-bit value contained in the IX register. 

DEC lY 

FD^ 

Subtract 1 from the 16-bit value contained in the lY register. 

Neither DEC rp. DEC IX nor DEC lY affects any of the status flags. This is a defect in the 
Z80 instruction set, inherited from the 8080. Whereas the DEC reg instruction is used in 
iterative instruction loops that use a counter with a value of 256 or less, the DEC rp 
(DEC IX or DEC lY} instruction must be used if the counter value is more than 256. Since 
the DEC rp instruction sets no status flags, other instructions must be added to simply 
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test for a zero result. This is a typical loop form: 

LD DE.DATA ;LOAD INITIAL 16-BIT COUNTER VALUE 



LOOP 



;FIRST INSTRUCTION OF LOOP 



DEC 
LD 
OR 
JP 



DE 
A.D 

E 

NZ.LOOP 



DECREMENT COUNTER 

TO TEST FOR ZERO, MOVE D TO A 

THEN OR A WITH E 

RETURN IF NOT ZERO 



DEC (HL) — DECREMENT MEMORY CONTENTS 
DEC (IX+disp) 
DEC (lY+disp) 

S Z AcP/O N C 



A 
B,C 
D,E 
H,L 
SP 
PC 
IX 
lY 
I 















pp 


qq 




mmmm 
















Data 
Memory 



YV 



Program 
Memory 



35 



ppqq 

J 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



The illustration shows execution of DEC {HL): 

DEC {HU 

35 

Subtract 1 from the contents of memory location (specified by the contents of the HL 
register pair). 

Suppose ppqq=4500T6. yv=5Fi6 After execution of 

DEC (HL) 

memory location 4500i6 will contain 5E-16 

5F = 1 1 1111 
-01 = 1 1 1 1 1111 



sets S to 



10 1 1110 



1 V- 1 =0, set P/O to 



t 



Non-zero result, set Z to 
No borrow, set Aq to 
Subtract instruction, set N to 1 
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DEC (IX+disp) 



DD 35 d 

Subtract 1 from the contents of memory location (specified by the sum of the contents 
of the IX register and the displacement value d). 

DEC (lY+disp) 
FD 35 d 

This instruction is identical to DEC (IX+disp), except that it uses the lY register instead 
of the IX register 

Dl — DISABLE INTERRUPTS 



S Z Ac P/O N C 

I I I I I I 



A 
B,C 
D,E 
H,L 
SP 
PC 
IX 
lY 
I 

R 




Data 
Memory 



Program 
Memory 



F3 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 




When this instruction is executed, the maskable interrupt request is disabled and the 
INT input to the CPU will be ignored. Remember that when an interrupt is 
acknowledged, the maskable interrupt is automatically disabled. 

The maskable interrupt request remains disabled until it is subsequently enabled by an 
El instruction. 

No registers or flags are affected by this instruction 
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DJNZ disp — JUMP RELATIVE TO PRESENT 

CONTENTS OF PROGRAM COUNTER IF 
REG B IS NOT ZERO 



S Z Ac P/0 N C 

O 




DJNZ disp 



10 



dd-2 



Decrement Register B If remaining contents are not zero, add the contents of the DJNZ 
instruction object code second byte and 2 to the Program Counter. The jump is 
measured from the address of the instruction operation code, and has a range of -1 26 to 
+129 bytes. The Assembler automatically adjusts for the twice-incremented PC. 

If the contents of B are zero after decrementing, the next sequential instruction is ex- 
ecuted. 

The DJNZ instruction is extremely useful for any program loop operation, since the one 
instruction replaces the typical "decrement-then-branch on condition" instruction se- 
quence. 



El — ENABLE INTERRUPTS 

S Z Ac P/O N C 

f I I I I I n 



A 

8,C 
D.E 
H.L 
SP 
PC 
IX 
IV 



Data 
Memory 




Program 
Memory 



FB 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 
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El 



FB 

Execution of this instruction causes interrupts to be enabled, but not until one more in- 
struction executes. 

Most interrupt service routines end with the two instructions: 

El lENABLE INTERRUPTS 

RET ;RETURN TO INTERRUPTED PROGRAM 

If interrupts are processed serially, then for the entire duration of the interrupt service 
routine all nnaskable interrupts are disabled — which means that in a multi-interrupt 
application there is a significant possibility for one or more interrupts to be pending 
when any interrupt service routine completes execution. 

If interrupts were acknowledged as soon as the El instructions had executed, then the 
Return instruction would not be executed. Under these circumstances, returns would 
stack up one on top of the other — and unnecessarily consume stack memory space. 
This may be illustrated as follows; 



Interrupt 




Interrupt service routine 



By inhibiting interrupts for one more instruction following execution of El, the Z80 CPU 
ensures that the RET instruction gets executed in the sequence: 



El 

RET 



:ENABLE INTERRUPTS 
:RETURN FROM INTERRUPT 



It is not uncommon for interrupts to be kept disabled while an interrupt service routine 
is executing. Interrupts are processed serially: 



Interrupt Interrupt 



Interrupt service routine 



Interrupt service routine 
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EX AF,AF' — EXCHANGE PROGRAM STATUS AND ALTERNATE 
PROGRAM STATUS 

S Z AcP/ON C p^'T%\ 



A 
BC 
DE 
H L 
SP 
PC 
IX 
lY 
I 

R 



F' 
A' 

B\C 

D-,E 
H',L- 




Program 
Memory 



08 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



ex AF.AF' 
08 

The two-byte contents of register pairs AF and A'F' are exchanged. 
Suppose AF contains 4F99i6 A'F' contains IOAA15. After execution of 

EX AF.AF' 

AF will contain lOAA^ 5 and AF' will contain 4F99i g 
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EX DE,HL — EXCHANGE DE AND HL CONTENTS 



S Z Ac P/O N C 

' I I I I I I I 



A 
B,C 
O.E 
HL 
SP 
PC 
IX 
lY 











PP 


qq 


XX 


yy 




mmmm 










Data 
Memory 



Program 
Memory 



EB 



mmmm + 1 
mmmm + 2 
mmmm + 3 



EX DE.HL 
EB 

The D and E registers' contents are swapped with the H and L registers' contents 
Suppose pp=03i5, qq=2Ai5, xx=41i5 and yy=FCi5. After the instruction 

EX DE.HL 

has executed, H will contain OSig. L will contain 2Ai6. D will contain 41 -jg and E will 
contain FC-jg. 

The two instructions: 

EX DE.HL 
LD A,(HU 

are equivalent to: 

LD A,(DE) 

but if you want to load data addressed by the D and E register into the B register. 

EX DE.HL 
LD B,(HL) 

has no single instruction equivalent. 
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EX (SP),HL — EXCHANGE CONTENTS OF REGISTER AND 
EX (SP).IX TOP OF STACK 
EX ISP).IY 



S Z AcP/O N C 



Data 



A 
B.C 
D,E 
H.L 
SP 
PC 
IX 
lY 
I 

R 







— 


i— 


XX 


W 


ssss 


mmmm 















Memory 




► 


qq 


^•^^1 mmmm + 1 j 


pp 


Program 
Memory 




E3 











ssss 
ssss + 1 
ssss + 2 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



The illustration shows execution of EX (SP),HL, 

EX (SP),HL 
E3 

Exchange the contents of the L register with the top stack byte. Exchange the contents 
of the H register with the byte below the stack top. 

Suppose xx=21 15, yy=FAi6. PP=3A-|6- QP=E2i6 After the instruction 

EX (SP),HL 

has executed, H will contain 3Ai5, L will contain E2i5 and the two top stack bytes will 
contain FAiq and 21 16 respectively. 

The EX (SP),HL instruction is used to access and manipulate data at the top of the stack. 

EX (SP).IX 

DD E3 

Exchange the contents of the IX register's low-order byte with the top stack byte. Ex- 
change the IX register's high-order byte with the byte below the stack top. 

EX (SP),IY 
FD E3 

This instruction is identical to EX (SP),IX, but uses the lY register instead of the IX 
register. 
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EXX — EXCHANGE REGISTER PAIRS AND ALTERNATE 
REGISTER PAIRS 



S Z Ac P/0 N C 
^1 1 I I I I 1 



Alternate 
Register Set 



A 
B.C 
D.E 
H.L 
SP 
PC 
IX 
lY 
I 

R 





















mmmm 












1 




F 
A' 

B',C' 
D'.E' 
H',L' 



Program 
Memory 



D9 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



EXX 
D9 

The contents of register pairs BC, DE and HL are swapped with the contents of register 
pairs B'C, D'E', and H'L. 

Suppose register pairs BC, DE and HL contain 4901 1 6. 5F00i5 and 7251 15 respec- 
tively, and register pairs B'C D'E', H'L' contain OOOOig, IOFF15 snd 3333i6 respec- 
tively After the execution of 

EXX 

the registers will have the following contents: 

BC: OOOO16; DE: lOFFig: HL: 3333i6: 
BC: 4901 16: D'E': BFOOie: H'L': 7251 16 

This instruction can be used to exchange register banks to provide very fast interrupt 
response times. 
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HALT 



S Z Ac P/O N C 
H I I I I I I 



A 
B.C 
D,E 
H,L 
SP 
PC 
IX 
lY 
I 

R 



Data 
Memory 




Program 
Memory 



76 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



HALT 
76 

When the HALT instruction is executed, program execution ceases. The CPU requires 
an interrupt or a reset to restart execution. No registers or statuses are affected; 
however, memory refresh logic continues to operate. 
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IM — INTERRUPT MODE 

S Z Ac P/0 N C 

c 



I I I I I 1 



A 

BC 
D.E 
H,L 
SP 
PC 
IX 
lY 
I 

R 





















mmmm 













Data 
Memorv 




Program 
Memory 



ED 



46 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 




This instruction places the CPU in interrupt mode In this mode, the interrupting 
device will place an instruction on the Data Bus and the CPU will then execute that in- 
struction. No registers or statuses are affected. 

IM 1 — INTERRUPT MODE 1 




This instruction places the CPU in interrupt mode 1 . In this mode, the CPU responds to 
an interrupt by executing a restart (RST) to location 0038ig. 



restart (RST) to location OOSSig. 
IM 2 — INTERRUPT MODE 2 

IM 2 
ED 5E 

This instruction places the CPU in interrupt mode 2. In this mode, the CPU performs an 
indirect call to any specified location in memory. A 16-bit address is formed using the 
contents of the Interrupt Vector (I) register for the upper eight bits, while the lower 
eight bits are supplied by the interrupting device. Refer to Chapter 12 for a full descrip- 
tion of interrupt modes. No registers or statuses are affected by this instruction 
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IN A. (port) — INPUT TO ACCUMULATOR 



Z Ac P/0 N C 

ID 



-I I I I I 



i 



Data 

I I/O port w 'Memory 



A 
B,C 
D,E 
H,L 
SP 
PC 
IX 
lY 
I 

R 





















mrninm 










Program 
Memory 



DB 



VV 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



IN A, 
DB 



(port) 



yy 



Load a byte of data into the Accumulator from the I/O port (identified by the second IN 
instruction object code byte). 

Suppose 36i5 is held in the buffer of I/O port lAis After the instruction 

IN A,(1 AH) 

has executed, the Accumulator will contain 3615. 
The IN instruction does not affect any statuses. 

Use of the IN instruction is very hardware dependent. Valid I/O port addresses are 
determined by the way in which I/O logic has been implemented It is also possible to 
design a microcomputer system that accesses external logic using memory reference 
instructions with specific memory addresses. 
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INC reg — INCREMENT REGISTER CONTENTS 



S Z Ac P/O N C 

Flxlxixixion 



A 

B C 
O E 
H L 
SP 
PC 
IX 
lY 
I 

R 





















mmmm 

















i jf Contents of A, 
V-Wb, C, D, E, H or 




INC reg 



00 XXX 100 

000 for reg=B 

001 for reg=C 

010 for reg=D 

01 1 for reg=-E 

100 for reg=H 

101 for reg=L 
111 for reg=A 

Add 1 to the contents of the specified register. 

Suppose Register E contains A8-15. After execution of 

INC E 

Register E will contain A9 1 g. 



Data 
Memory 



Program 
Memorv 



OOxxxlOO 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 
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INC rp — INCREMENT CONTENTS OF SPECIFIED REGISTER PAIR 
INC IX 
INC lY 



S Z Aq P 'O n c 

1 1 1 I 1 1 1 



A 
B.C 
D E 
H,L 
SP 
PC 
IX 
lY 
I 

R 





















mmmm 










Contents of BC, 
DE, HL or SP 
-is VWY 



Data 
Memory 




Program 
Memory 



OOxxOOl 1 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



The illustration shows execution of INC rp: 

INC rp 



00 XX 0011 



00 for rp is register pair BC 

01 for rp is register pair DE 

10 for rp is register pair HL 

1 1 for rp is Stack Pointer 

Add 1 to the 16-bit value contained in the specified register pair. No status flags are 
affected. 

Suppose the D and E registers contain 2F7A-|g. After the instruction 

INC DE 

has executed, the D and E registers will contain 2F7B-|6 

INC IX 

DD 23 

Add 1 to the 16-bit value contained in the IX register. 

INC lY 
FD 23 

Add 1 to the 16-bit value contained in the lY register. 

Just like the DEC rp, DEC IX and DEC lY, neither INC rp. INC IX nor INC lY affects any 
status flags This is a defect in the Z80 instruction set inherited from the 8080. 
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INC (HL) — INCREMENT MEMORY CONTENTS 
INC (IX+dIsp) 
INC (lY+dIsp) 

S Z Ac P/O N C 
FIXIXIXIXIOTI 



Data 
Memory 



A 
B,C 
D,E 
H L 
SP 
PC 
IX 
lY 
I 

R 





















mmmrTi 


ppqq 












ppqq + d 




The illustration shows execution of INC (IX+d): 

INC (IX+disp) 

DD 34 d 

Add 1 to the contents of memory location (specified by the sum of the contents of 
Register IX and the displacement value d). 

Suppose ppqq=4000iQ and memory location 400F-|5 contains 36i6 After execution 
of the instruction 

INC (IX+OFH) 
memory location 400Fi5 will contain 37 -|g. 

36 = 1 1 1 1 

1 



sets S to 
Carry status not affected- 





J 



Oil 0111 



0¥0=0. set P/O to 



Non-zero result, set Z to 
No carry, set Aq to 
Addition instruction, set N to 



INC (lY+disp) 



FD 34 d 

This instruction is identical to INC (IX+disp), except that it uses the lY register instead 
of the IX register. 

INC (HL) 
34 

Add 1 to the contents of memory location (specified by the contents of the HL register 
pair). 
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IND — INPUT TO MEMORY AND DECREMENT POINTER 



S Z Ac P/0 N C 




XX- 1 



A 
B,C 
0,E 
H,L 
SP 
PC 
IX 
lY 
I 

R 



PP 



i 



Data 



yy 



qq 



i I/O port yy | 


Memory 


' ► 




"C ppqq-1 y 









ppqq 

A 




Program 
Memory 



ED 



AA 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



IND 
ED AA 

Input from I/O port (addressed by Register C) to memory location (specified by HL) 
Decrement Registers B and HL. 

Suppose xx=05i6. yY=15l6- PPPC|=2400i6' ^nd 19i5 is held in the buffer of I/O port 
15-|5. After the instruction 

IND 

has executed, memory location 2400i5 w'" contain IS-jQ. The B register will contain 
04ig and the HL register pair 23FF-]g. 

INDR — INPUT TO MEMORY AND DECREMENT POINTER 
UNTIL BYTE COUNTER IS ZERO 

INDR 

ED BA 

INDR is identical to IND, but is repeated until Register B=0. 

Suppose Register B contains 03-\q. Register C contains IS-jg. and HL contains 2400i6 
The following sequence of bytes is available at I/O port 15i6' 



After the execution of 



^7■\Q. 59i6 and AE-|6 



INDR 



the HL register pair will contain 23FD-] q and Register B will contain zero, and memory 
locations will have contents as follows: 

Location Contents 



2400 

23FF 
23FE 



17i6 
59i6 
AEi6 



This instruction is extremely useful for loading blocks of data from an input device into 
memory. 
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INI — INPUT TO MEMORY AND INCREMENT POINTER 



S Z AcP/O N C 

1 I I I I M 




mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



INI 

Input from I/O port (addressed by Register C) to memory locatton (specified by HL). 
Decrement Register B; increment register pair HL. 

Suppose xx=05i g, vv=1 5i g. ppqc|=2400i and 1 9i g is held in the buffer of I/O port 

1516. 

After the instruction 

INI 

has executed, memory location 2400i6 will contain 19i6' "'"'^^ ^ register will contain 
04-| g and the HL register pair 2401 ] q. 

INIR — INPUT TO MEMORY AND INCREMENT POINTER 
UNTIL BYTE COUNTER IS ZERO 

INIR 
ED B2 

INIR is identical to INI. but is repeated until Register B=0. 

Suppose Register B contains 03 ig, Register C contains 1 5ig, and HL contains 2400 1 g. 
The following sequence of bytes is available at I/O port ISig: 

17i6. 59l6 and AEig 

After the execution of 

INIR 

the HL register pair will contain 2403 tg and Register B will contain zero, and memory 
locations will have contents as follows: 

Location Contents 



2400 
2401 
2402 



1716 
59i6 
AEig 



This instruction is extremely useful for loading blocks of data from a device into memo- 
ry 
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IN reg,(C) — INPUT TO REGISTER 

S Z Ac P/0 N C 
F jXlXlOIXIOI I 



A 
BC 
D.E 
H,L 
SP 
PC 
IX 
lY 
I 

R 



I/O port VV I 





















mmmm 










IN reg. (C) 




Data 
Memory 



Program 
Memory 



ED 



OlxxxOOO 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



ED 01 XXX 000 



000 for reg=B 

001 for reg=C 

010 for reg = D 

01 1 for reg=E 

100 for reg=H 

101 for reg=L 
1 1 1 for reg=A 

1 10 for setting of status flags without 
changing registers 

Load a byte of data into the specified register (reg) from the I/O port (identified by the 
contents of the C register). 

Suppose 42-] g is held in the buffer of I/O port 36-|6- ai^d Register C contains 36ig. 
After the instruction 

IN D.(C) 

has executed, the D register will contain 42-|6 

During the execution of the instruction, the contents of Register B are placed on the top 
half of the Address Bus. nnaking it possible to extend the number of addressable I/O 
ports. 
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JP label — JUMP TO THE INSTRUCTION IDENTIFIED 
IN THE OPERAND 



S Z Ac P/O M C 
1 I I I I I I 



A 
B,C 
D.E 
H L 
SP 
PC 
IX 
lY 
I 

R 





















mmrnm 









ppqq 



Data 
Memory 



Program 





Memory 




C3 


qq 




pp 







mmmm 

mmmm + 1 

mmmm + 2 

mmmm +• 3 



JP^ ^label^ 
C3 ppqq 

Load the contents of the Jump instruction object code second and third bytes into the 
Program Counter; this becomes the memory address for the next instruction to be ex- 
ecuted. The previous Program Counter contents are lost. 

In the following sequence: 



JP 
AND 



NEXT 
7FH 



NEXT 



CPL 



The CPL instruction will be executed after the JP instruction. The AND instruction will 
never be executed, unless a Jump instruction somewhere else in the instruction se- 
quence jumps to this instruction. 
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JP condition.label — JUMP TO ADDRESS IDENTIFIED IN THE 

OPERAND IF CONDITION IS 
SATISIFED 



JP cond, label 




1 1 cc 010 


ppqq 




I 


Condition 


Relevant Flag 


000 


NZ Non-Zero 


Z 


001 


Z Zero 


Z 


010 


NC No Carry 


C 


01 1 


C Carry 


C 


100 


PO Parity Odd 


P/0 


101 


PE Parity Even 


P/0 


110 


P Sign Positive 


s 


1 1 1 


M Sign Negative 


s 



This instruction is identical to the JP instruction, except that the jump will be per- 
formed only if the condition is satisfied: otherwise, the instruction sequentially follow- 
ing the JP condition instruction will be executed 

Consider the instruction sequence 

) 
I 

JP j COND, LABEL 

I condition not satisfied 

AND 1 7CH 



'^-►LABEL OR B 

After the JP cond, label instruction has executed, if the condition is satisfied then the 
OR instruction will be executed. If the condition is not satisfied, the AND instruction, 
being the next sequential instruction, is executed 



/ 

condition 
satisfied 
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JP (HL) 
JP IIX) 
JP (lY) 



JUMP TO ADDRESS SPECIFIED BY CONTENTS 
OF 16-BIT REGISTER 



S Z Ac P/O N C 
1 I I I I I I 



A 
B,C 
D,E 
H.L 
SP 
PC 
IX 
lY 
I 

R 















PP 


qq 




mmmm 









Data 
Memory 



Program 
Memory 



E9 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



The illustration shows execution of JP (HL); 

JP (HL) 

E9 

The contents of the HL register pair are moved to the Program Counter; therefore, an 
implied addressing jump is performed. 

The instruction sequence 

LD H.ADDR 
JP (HL) 

has exactly the same net effect as the single instruction 
JP ADDR 

Both specify that the instruction with label ADDR is to be executed next. 

The JP (HL) instruction is useful when you want to increment a return address for a 
subroutine that has multiple returns. 

Consider the following call to subroutine SUB; 



CALL 
JP 



SUB 
ERR 



CALL SUBROUTINE 
ERROR RETURN 
GOOD RETURN 



Using RET to return from SUB would return execution of JP ERR; therefore, if SUB ex- 
ecutes without detecting error conditions, return as follows; 



POP 
INC 
INC 
INC 
JP 



HL 
HL 
HL 
HL 
(HL) 



;POP RETURN ADDRESS TO HL 
:ADD 3 TO RETURN ADDRESS 



;RETURN 

JP (IX) 

DD^g 

This instruction is identical to the JP (HL) instruction, except that it uses the IX register 
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instead of the HL register pair. 



JP (lY) 



FD E9 

This instruction is identical to the JP (HL) instruction, except that it uses the lY register 
instead of the HL register pair. 

JR Cdisp — JUMP RELATIVE TO CONTENTS OF PROGRAM 
COUNTER IF CARRY IS SET 

^JR^ disp 
38 dd-2 

This instruction is identical to the JR disp instruction, except that the jump is only ex- 
ecuted if the Carry status equals 1; otherwise, the next instruction is executed. 

In the following instruction sequence: 

I 

I 

4000 JR ! C,$+8 



^ 

4002 AND I 7FH 



c=i 



►4008 OR 



After the JR C,$+8 instruction, the OR instruction is executed if the Carry status equals 
1. The AND instruction is executed if the Carry status equals 
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JR disp — JUMP RELATIVE TO PRESENT CONTENTS OF 
PROGRAM COUNTER 

S Z Ac P/O N C 
^' ' I I I I I 



A 
B,C 
0,E 
H,L 
SP 
PC 
IX 
tY 





















mmmm 
















Data 
Memory 




mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



JR disp 
18 dd-2 

Add the contents of the JR instruction object code second byte, the contents of the Pro- 
gram Counter, and 2. Load the sunn into the Program Counter. The jump is measured 
from the address of the instruction operation code, and has a range of -126 to +129 
bytes. The Assembler automatically adjusts for the twice-incremented PC. 

The following assembly language statement is used to )ump four steps forward from ad- 
dress 4000 16. 

JR $-1-4 

Result of this instruction is shown below: 

Location Instruction 

4000 1 8 

4001 02 
4002 

4003 

4004 - new PC value 
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JR NC.disp — JUMP RELATIVE TO CONTENTS OF PROGRAM 
COUNTER IF CARRY FLAG IS RESET 



JR NCdisp 



30 dd-2 

This instruction is identical to the JR disp instruction, except that the jump is only ex- 
ecuted if the Carry status equals 0: othenwise, the next instruction is executed. 

In the following instruction sequence: 



>4000 
4001 
4002 
4003 



ADD 



JR 



4005 



OR 



A,7FH 

0=1 

NC,$ 3 
B 



After the JR NC,$-3 instruction, the OR instruction is executed if the Carry status equals 
1 The ADD instruction is executed if the Carry status equals 0. 



JR NZ,disp — JUMP RELATIVE TO CONTENTS OF PROGRAM 
COUNTER IF ZERO FLAG IS RESET 

JFU^djsg 
20 dd-2 

This instruction is identical to the JR disp instruction, except that the jump is only ex- 
ecuted if the Zero status equals 0; otherwise, the next instruction is executed. 

In the following instruction sequence: 

4000 JR ^ NZ,$+6 

4002 AND X 7FH 
z=o 4004 "z=i 
4005 

^4006 OR B 



After the JR NZ,$+6 instruction, the OR instruction is executed if the Zero status equals 
0. The AND instruction is executed if the Zero status equals 1. 
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JR Z,disp — JUMP RELATIVE TO CONTENTS OF PROGRAM 
COUNTER IF ZERO FLAG IS SET 

^JlRZ,disp 

28 dd-2 

This instruction is identical to the JR disp instruction, except that the jump is only ex- 
ecuted if the Zero status equals 1 : otherwise, the next instruction is executed. 

in the following instruction sequence: 

4000 JR j Z,$+6 

7FH 



4002 
4004 
4005 
■4006 



AND 



OR 



z=o 

B 



After the JR Z.$+6 instruction, the OR instruction is executed if the Zero status equals 
1. The AND instruction is executed if the Zero status equals 0. 

LD A,l — MOVE CONTENTS OF INTERRUPT VECTOR OR 
LD A,R REFRESH REGISTER TO ACCUMULATOR 



S Z Ac P/O N C 
F ^X|X|0|X|0| j 



B,C 

D,e 

H.L 
SP 
PC 
IX 

lY 
I 

R 




Data 
Memory 



Program 
Memory 



ED 



57 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



The illustration shows execution of LD A, I: 

LD A, I 

ED 57 

Move the contents of the Interrupt Vector register to the Accumulator, and reflect inter- 
rupt enable status in Parity/Overflow flag. 

Suppose the Interrupt Vector register contains 7Fi6 and interrupts are disabled. After 
execution of 

LD A,l 

Register A will contain 7F]q, and P/0 will be 0, 

LD A,R 
ED 5E 

Move the contents of the Refresh register to the Accumulator, The value of the interrupt 
flip-flop will appear in the Parity/Overflow flag. 
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LD A,{addr) — LOAD ACCUMULATOR FROM MEMORY USING 
DIRECT ADDRESSING 



S Z Ac P/O N C 
n I I I I I I 



B.C 
D,E 
H.L 
SP 
PC 
IX 
lY 
I 

R 



W 



Data 
Memory 



yy 




Program 
Memory 



3A 



qq 



pp 



ppqq 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



^LDA, ^(addr)^ 
3A ppqq 

Load the contents of the memory byte (addressed directly by the second and third 
bytes of the LD A,(addr) instruction object code) into the Accumulator. Suppose memo- 
ry byte 084A-|g contains 20-|g. After the instruction 

label EQU 084AH 



LD 



A.dabel) 



has executed, the Accumulator will contain 20ig. 

Remember that EQU is an assembler directive rather than an instruction: it tells the As- 
sembler to use the 16-bit value 084A-|6 wherever the label appears. 

The instruction 

LD A.dabel) 

is equivalent to the two instructions 



LD 

LD 



HL.Iabel 
A,(HL) 



When you are loading a single value from memory, the LD A, (label) instruction is prefer- 
red; it uses one instruction and three object program bytes to do what the LD HL.Iabel, 
LD A.(HL) combination does in two instructions and four object program bytes. Also, 
the LD HL.Iabel, LD A,(HL) combination uses the H and L registers, which LD A.dabel) 
does not. 
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LD A.{rp) — LOAD ACCUMULATOR FROM MEMORY LOCATION 
ADDRESSED BY REGISTER PAIR 



S Z Ac P 'O IM C 
M I I I I I I 



A 
BC 

O.E 
H,L 
SP 
PC 
IX 
lY 
I 

R 



VV 



► BC or DE contain ppqq 

, L 

mmmm + 1 




Data 
Memory 



VV 



ppqq 

A 



Program 
Memory 



000x1010 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



LD A,(rp) 
000 X 1010 



if register pair=BC 

1 if register pair=DE 

Load the contents of the memory byte (addressed by the BC or DE register pair) into the 
Accumulator. 

Suppose the B register contains 08^ 5, the C register contains 4A-) g, and memory byte 
084A-I6 contains SAig. After the instruction 

LD A,(BC) 

has executed, the Accumulator will contain 3A-|g 

Normally, the LD A,(rp) and LD rp.data will be used together, since the LD rp.data in- 
struction loads a 16-bit address into the BC or DE registers as follows: 

LD BC,0B4AH 
LD A, (80 
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LD dstsrc — MOVE CONTENTS OF SOURCE REGISTER TO 
DESTINATION REGISTER 



S Z AqP/O N C 
f | I I I I I I 



A 

B.C 
D E 
H,L 
SP 
PC 
IX 
lY 
I: 
R 



Register A, B, C, 
D, E, H or L 





















nrnnmrp 










LD dst. src 




Data 
Memory 



Program 
Memory 



Oldddsss 



miOMim 
mmmm + 1 
mmmm + 2 
mmmm + 3 



000 for dst or src=B 

001 for dst or src = C 

010 for dst or src=D 

011 for dst or src = E 

100 for dst or src=H 

101 for dst or src=L 
111 for dst or src-A 

The contents of any designated register are loaded into any other register. 

For example: 

LD A.B 

loads the contents of Register B into Register A. 

LD L,D 

loads the contents of Register D into Register L 

LD C,C 

does nothing, since the C register has been specified as both the source and the 
destination. 
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LD HL,(addr) 
LD rp.iaddr) 
LD IX,(addr) 
LD IY,(addr) 



LOAD REGISTER PAIR OR INDEX REGISTER 
FROM MEMORY USING DIRECT ADDRESSING 



S Z Ac P/O N C 
' ■ ■ ■ ' ' 



B.C 
D,E 
H.L 
SP 
PC 
IX 
lY 
I 

R 



yy 



Data 
Memory 



yy 



ppqq 

ppqq + 1 




Program 
Memory 



2A 



qq 



PP 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



The illustration shows execution of LD HL(ppqq): 

LD HLaddr 
2A ppqq 

Load the HL register pair from directly addressed memory location. 

Suppose memory location 4004-|6 contains AD-[q and memory location 4005i6 con- 
tains 12-|5 After the instruction 

LD HL(4004H) 
has executed, the HL register pair will contain 12AD-|5. 

LD rp, (addr) 




ED 01 dd 1011 ppqq 



00 for rp is register pair BC 

01 for rp is register pair DE 

10 for rp is register pair HL 

1 1 for rp is Stack Pointer 

Load register pair from directly addressed memory. 

Suppose memory location 49FF-]6 contains BEig and memory location 4A00i6 con- 
tains 33i6- After the instruction 

LD DE,{49FFH) 
has executed, the DE register pair will contain 33BEi6- 

LD tX,(addr) 

DD 2A ppqq 

Load IX register from directly addressed memory. 
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Suppose memory location DIII16 contains FF-15 and memory location D112ig con- 
tains 5615. After the instruction 

LD IX,(D1 11H) 

has executed, the IX register will contain 56FF-]6. 

LD IY,(addr) 

FD 2A ppqq 

Load lY register from directly addressed memory. 

Affects lY register instead of IX. Otherwise identical to LD IX(addr). 

LD l,A — LOAD INTERRUPT VECTOR OR REFRESH 
LD R,A REGISTER FROM ACCUMULATOR 



S Z Aq P/O N C 
M I I I I I 1 



A 
B,C 
D.E 
H.L 
SP 
PC 
IX 
lY 
IV 
R 











XX 


























mmmm 










1 









The illustration shows execution of LD R.A: 

LD R.A 

ED 4F 

Load Refresh register from Accumulator. 
Suppose the Accumulator contains 7Fi6 After the instruction 

LD R,A 

has executed, the Refresh register will contain 7Fi6- 

LD LA 

ED 47 

Load Interrupt Vector register from Accumulator. 



Data 
Memory 



Program 
Memory 



ED 



4F 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 
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LD reg.data — LOAD IMMEDIATE INTO REGISTER 

S Z Ac P/O N C 



A 
B,C 
D.E 
H.L 
SP 
PC 
IX 
lY 



K Destination is 
Register A, B, C,- 
D, E, H or L 




Data 
Mennorv 



Program 
Memory 



OOxxxllO 



yv 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



LD reg.data 

SI 

00 XXX 1 1 yy 

000 for reg=B 

001 for reg=C 

010 for reg=D 

01 1 for reg=E 

100 for reg=H 

101 for reg=L 
111 for reg=A 

Load the contents of the second object code byte into one of the registers. 
When the instruction 

LD A,2AH 

has executed, 2A-|5 is loaded into the Accumulator. 
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LD rp.data — LOAD 16 BITS OF DATA IMMEDIATE INTO 
LD IX.data REGISTER 
LD lY.data 



S Z Ac P/O N C 

M I I I I I I 



A 

B,C 
D,E 
H.L 
SP 
PC 
IX 
lY 
I 

R 





















mm 


mm 







\ ^ Select BC, DE, HL or 
SP. Load ppqq into 
— selected destination 

mmmm + 3 




Data 
Memory 



Program 
Memory 



OOxxOOOl 



qp 



pp 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



The illustration shows execution of LD rp.data: 

LD rp, data 



00 XX 0001 ppqq 



00 for rp is register pair BC 

01 for rp is register pair DE 

10 for rp is register pair HL 

1 1 for rp is Stack Pointer 

Load the contents of the second and third object code bytes into the selected register 
pair. After the instruction 

LD SP.217AH 
has executed, the Stack Pointer will contain 217Ai5. 

LD^, data 
DD 21 ppqq 

Load the contents of the second and third object code bytes into the Index register IX. 

LDJY, data 
FD 21 ppqq 

Load the contents of the second and third object code bytes into the Index Register lY. 

Notice that the LD rp.data instruction is equivalent to two LD reg.data instructions. 

For example: 

LD HL,032AH 

is equivalent to 

LD H,03H 
LD L,2AH 
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LD reg,(HL) — LOAD REGISTER FROM MEMORY 
LD reg,(IX+disp) 
LD reg.(IY+disp) 

S Z Ac P/O N C Data 

f I I I I i"n I i^^^°^y 




The illustration shows execution of LD reg,(IX+disp): 

LD reg, (IX + disp) 

DD 01 XXX 1 10 d 

000 for reg=B 

001 for reg=C 

010 for reg=D 

01 1 for reg=E 

100 for reg = H 

101 for reg=L 
111 for reg=A 

Load specified register from memory location (specified by the sum of the contents of 
the IX register and the displacement digit d). 

Suppose ppqq=4004-| g and memory location 4OIO15 contains FF-] 5. After the instruc- 
tion 

LD B(IX+OCH) 
has executed. Register B will contain FF15. 

LD reg, (IY + disp) 

mi 

FD01 XXX llOd 

^ ►same as for LD reg,(IX+disp) 

This instruction is identical to LD reg,(IX+disp), except that It uses the lY register in- 
stead of the IX register. 
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LD reg,(HL) 

01 XXX 1 10 
~t~ 



^same as for LD reg.(IX+disp) 



Load specified register from memory location (specified by tfie contents of tfie HL 
register pair). 

LD SP.HL — MOVE CONTENTS OF HL OR INDEX REGISTER 
LD SP.IX TO STACK POINTER 
LD SP.IY 



S Z Ac P/O N C 
1 I I I I I I 



A 

B.C 
D,E 
HL 
SP 
PC 
IX 
lY 
I 

R 















PP 


qq 




mrT>mm 















Tfie illustration shows execution of LD SP.HL: 

LD SP.HL 
F9 

Load contents of HL into Stack Pointer. 
Suppose pp=08i6 and qq=3Fi5. After tfie instruction 

LD SP.HL 

hias executed, the Stack Pointer will contain O83F15. 

LD SP.IX 

DD F9 

Load contents of Index Register IX into Stack Pointer. 

LD SP.IY 

FD F9 

Load contents of Index Register lY into Stack Pointer. 



Data 
Memory 



Program 
Memory 



F9 



mmmm 
mmmm + 1 
mmmm + 1 
mmmm + 3 
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LD (addr),A — STORE ACCUMULATOR IN MEMORY USING 
DIRECT ADDRESSING 



S Z Ac P/O N C 

' 



A 
B.C 
D.E 
H.L 
SP 
PC 
IX 
lY 
I 

R 





W 
















mmmm 










LD {addr),A 




Data 
Memory 



yy 



Program 
Memory 



32 



qq 



pp 



ppqq 

A 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



32 ppqq 

Store the Accumulator contents in the nnennory byte addressed directly by the second 
and third bytes of the LD (addrKA instruction object code. 

Suppose the Accumulator contains 3Ai5. After the instruction 

label EQU 084AH 



LD (label), A 

has executed, memory byte 084A-]6 will contain 3Ai5. 

Remember that EQU is an assembler directive rather than an instructiorr: it tells the As- 
sembler to use the 16-bit value 084AH whenever the word "label" appears. 

The instruction 

LD (addr),A 

is equivalent to the two instructions 

LD H,label 
LD (HLl.A 

When you are storing a single data value in memory, the LD (label), A instruction is 
preferred because it uses one instruction and three object program bytes to do what the 
LD H(label), LD (HL),A combination does in two instructions and four object program 
bytes. Also, the LD H(label), LD {HL),A combination uses the H and L registers, while the 
LD (label), A instruction does not. 
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LD (addr),HL — STORE REGISTER PAIR OR INDEX 

LD (addr),rp REGISTER IN MEMORY USING DIRECT 

LD (addr),xy ADDRESSING 



S Z Ac P/O N C 
M I I I I I I 



A 
B,C 
D,E 
H.L 
SP 
PC 
IX 
lY 
I 

R 





— f — 


XX 


W 





Data 
Memory 



W 



ippqq 
Ippqq + 1 



Program 
Memory 



ED 



01010011 



qq 



pp 



mmmm + 1 
mmmm + 2 
mmmm + 3 



The illustration shows execution of LD (ppqq),DE: 

LD (addr), rp 




ED 01 XX 001 1 ppqq 



00 for rp is register pair BC 

01 for rp is register pair DE 

10 for rp is register pair HL 

1 1 for rp is Stacic Pointer 

Store the contents of the specified register pair in memory. The third and fourth object 
code bytes give the address of the memory location where the low-order byte is to be 
written. The high-order byte is written into the next sequential memory location. 

Suppose the BC register pair contains 3C2Aiq. After the instruction 

label EQU 084AH 



LD (label), BC 

has executed, memory byte 084A-| g will contain 2A-| g. Memory byte 084B-| g will con- 
tain 3Ci Q. 

Remember that EQU is an assembler directive rather than an instruction; it tells the As- 
sembler to use the 16-bit value 084A-)6 whenever the word "label" appears. 

LD (addr),HL 




22 ppqq 

This is a three-byte version of LD (addr),rp which directly specifies HL as the source 
register pair. 
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LD (addrt.lX 
DD 22 ppqq 

Store the contents of Index register IX in memory. The third and fourth object code 
bytes give the address of the memory location where the low-order byte is to be writ- 
ten The high-order byte is written into the next sequential memory location. 

LD (addrl.lY 




FD 22 ppqq 



This instruction is identical to the LD (addr),IX instruction, except that it uses the lY 
register instead of the IX register. 
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LD (HL), data — LOAD IMMEDIATE INTO MEMORY 
LD (IX+disp),data 
LD (IY+disp),data 

S Z Ac P/O N C 

' T 



Data 
Memory 



A 

B,C 
D.E 
H.L 
SP 
PC 
IX 
lY 
I 

R 



ppqq 




The illustration shows execution of LD (IX+d),xx: 

LDjlX+disp),data 

DD 36 d XX 

Load Immediate into the Memory location designated by base relative addressing. 
Suppose ppqq=5400i6 After the instruction 

LD (IX+9),FAH 
has executed, memory location 5409-|6 will contain FAig. 

LDjtY+displ.data 

FD 36 d XX 

This instruction is identical to LD (IX+disp),data. but uses the lY register instead of the 
IX register. 

LDjHD.data 
36 XX 

Load Immediate into the Memory location (specified by the contents of the HL register 
pair). 

The Load Immediate into Memory instructions are used much less than the Load Im- 
mediate into Register instructions. 
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LD (HL),reg — LOAD MEMORY FROM REGISTER 
LD (IX+disp),reg 
LD (IY+disp),reg 

S Z Ac P/O N C 

Fdnxn 



Data 
Memory 



A 

B,C 
D,E 
H,L 
SP 
PC 
IX 
lY 















pp 


qq 




mmmm 








1 






The illustration shows execution of LD (HD.reg: 

LD (HD.reg 



Ti 

01 110 XXX 



000 for reg=B 

001 for reg=C 

010 for reg=D 

011 for reg=E 

100 for reg=H 

101 for reg=L 
111 for reg=A 

Load memory location (specified by the contents of the HL register pair) from specified 
register. 

Suppose ppqq=4500i6 ^^^d Register C contains F9ig. After the instruction 

LD (HL),C 

has executed, memory location 4500-|q will contain F9i5. 

LD {IX+disp),reg 



DDOmo'xxxd 



-same as for LD (HD.reg 



Load memory location (specified by the sum of the contents of the IX register and the 
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displacement value d) from specified register. 

LD (IY-l-disp),reg 



FDOmOxxxcl 



• same as for LD (HLl.reg 



This instruction is identical to LD (IX+disp).reg. except that it uses the lY register in- 
stead of the IX register. 

LD (rp),A — LOAD ACCUMULATOR INTO THE MEMORY 
LOCATION ADDRESSED BY REGISTER PAIR 



S Z AqP'O n c 

^1 I I I I I I 



A 

B.C 
D E 
H.L 
SP 
PC 
IX 
lY 
I 

R 





W 
















mmmm 









BC or DE 
contain ppqq 



Data 
Memory 



YV 



ppqq 

A 




Program 
Memory 



000x0010 



mmmm 
mnrimm + 1 
mmmm + 2 
mmmm + 3 



LD (rpl.A 




000x0010 



if register pair=BC 

1 if register pair=DE 

Store the Accumulator in the memory byte addressed by the BC or DE register pair. 

Suppose the BC register pair contains 084A-|q and the Accumulator contains 3A-\q. 
After the instruction 

LD (BC),A 

has executed, memory byte 084Ai5 will contain 3A-|5. 

The LD (rp),A and LD rp.data will normally be used together, since the LD rp,data in- 
struction loads a 16-bit address into the BC or DE registers as follows: 

LD BC,084AH 
LD (BC),A 
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LDD — TRANSFER DATA BETWEEN MEMORY LOCATIONS. 

DECREMENT DESTINATION AND SOURCE ADDRESSES 



Set if BC- 1*0, reset otherwise 




ED A8 



Transfer a byte of data from memory location addressed by the HL register pair to 
memory location addressed by the DE register pair. Decrement contents of register 
pairs BC, DE, and HL. 

Suppose register pair BC contains 004Fi6- DE contains 4545i6' HL contains 2012i5, 
and memory location 2012-|6 contains ISig. After the instruction 

LDD 

has executed, memory location 4545i5 will contain ISig, register pair BC will contain 
004Ei6, DE will contain 4544i5, and HL will contain 201 1 ig- 
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LDDR — TRANSFER DATA BETWEEN MEMORY 
LOCATIONS UNTIL BYTE COUNTER IS 
ZERO. DECREMENT DESTINATION AND 
SOURCE ADDRESSES 

LDDR 
ED B8 

This instruction is identical to LDD. except that it is repeated until the BC register pair 
contains zero. After each data transfer, interrupts will be recognized and two refresh cy- 
cles will be executed. 

Suppose we have the following contents in memory and register pairs: 
Register/Contents Location/Contents 
HL 201216 201216 1816 



DE 454516 2011i6AAi6 
BC 000316 2OIO16 25i6 



After execution of 



LDDR 

register pairs and memory locations will have the following contents: 

Register/Contents Location/Contents Location/Contents 

HL 200916 2012i6 I816 4545i6 I816 

DE 454216 201 lie AA16 4544i6 AA16 

BC OOOO16 2OIO16 25i6 454316 25i6 

This instruction is extremely useful for transferring blocks of data from one area of 
memory to another 
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LDI— TRANSFER DATA BETWEEN MEMORY 

LOCATIONS. INCREMENT DESTINATION AND 
SOURCE ADDRESSES 



Set if BC-1 0, reset otherwise 




mmmm + 2 
mmmm + 3 




ED AO 

Transfer a byte of data from memory location addressed by the HL register pair to 
memory location addressed by the DE register pair. Increment contents of register pairs 
HL and DE Decrement contents of the BC register pair. 

Suppose register pair BC contains 004Fi5. DE contains 4545i6. HL contains 2012i5, 
and memory location 2012-15 contains 18i6' After the instruction 

LDI 

has executed, memory location 4545-|6 will contain 18-|g, register pair BC will contain 
004Ei6, DE will contain 4546i6. and HL will contain 201 3i 6- 
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LDIR — TRANSFER DATA BETWEEN MEMORY 
LOCATIONS UNTIL BYTE COUNTER IS 
ZERO. INCREMENT DESTINATION AND 
SOURCE ADDRESSES 

LDIR 
ED BO 

This instruction is identical to LDI, except that it is repeated until the BC register pair 
contains zero. After each data transfer, interrupts will be recognized and two refresh cy- 
cles will be executed. 

Suppose we have the following contents in memory and register pairs: 



Register/Contents 
HL 2012i6 
DE 454516 
BC 0003 16 



Location/Contents 

201216 18i6 
201316 CDi6 
201416 F0i6 



After execution of 



LDIR 



register pairs and memory will have the following contents: 

Register/Contents Location/Contents Location/Contents 



HL 201516 
DE 4548 16 
BC 0000 16 



201216 18i6 
201316 CDi6 
201416 F0i6 



454516 18i6 
454616 CDi6 
454716 F0i6 



This instruction is extremely useful for transferring blocks of data from one area of 
memory to another. 



NEG — NEGATE CONTENTS OF ACCUMULATOR 

S Z AcP/O N C 

FlxixixixMlxl 



B,C 
D.E 
HL 
SP 
PC 
IX 
lY 
I, 
R 




XX + 1 




Data 
Memory 



Program 
Memory 



.50 



44 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



Negate contents of Accumulator. This is the same as subtracting contents of the Ac- 
cumulator from zero. The result is the two's complement. 80H will be left unchanged. 

Suppose xx=5Ai6. After the instruction 

NEG 

has executed, the Accumulator will contain A6i6. 

5A = 1 1 10 10 
Two's complement = 10 10 110 
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NOP — NO OPERATION 

S Z Ac P/0 N C 
^1 I I I I 1 I 



A 
B.C 
D,E 
H,L 
SP 
PC 
IX 
lY 
I 

R 




Data 
Memory 



Program 
Memory 



00 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 




This is a one-byte instruction which performs no operation, except that the Program 
Counter is incremented and memory refresh continues. This instruction is present for 
several reasons: 

1) A program error that fetches an object code from non-existent memory will fetch 
00. It is a good idea to ensure that the most common program error will do nothing. 

2) The NOP instruction allows you to give a label to an object program byte: 
HERE NOP 

3) To fine-tune delay times. Each NOP instruction adds four clock cycles to a delay. 



NOP is not a very useful or frequently used instruction. 
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OR data — OR IMMEDIATE WITH ACCUMULATOR 



S Z Ac P/O N C 
F|X|X|1 iXlOjol 



A 

B,C 
D.E 
H,L 
SP 
PC 
IX 
lY 
I 

R 

















mm 


mm 









Data 
Memory 



Program 
Memory 



F6 



VV 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



OR data 
F6 yy 

OR the Accumulator with the contents of the second instruction object code byte. 
Suppose xx=3A-i5. After the instruction 

OR 7CH 

has executed, the Accunnulator will contain 7Ei5. 

3A = 1 1 10 10 
7C = 1 1 1 1100 



sets S to 



111 1110 

A 



' — Six 1 bits, set P/O to 1 
Non-zero result, set Z to 



This is a routine logical instruction; it is often used to turn bits "on". For example, the 
instruction 

OR 80H 

will unconditionally set the high-order Accumulator bit to 1. 
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OR reg — OR REGISTER WITH ACCUMULATOR 

S Z Ac P/O N C 

^IxixM ixioTol 



A 
B.C 
D,E 
H,L 
SP 
PC 
IX 
lY 
I 

R 




Contents of A, B, 
•C, 0, E, H or L 
Is yy 





Data 
Memory 



Program 
Memory 



lOnOxxx 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



XXX 

000 for reg=B 

001 for reg=C 

010 for reg=D 

011 for reg=E 

100 for reg=H 

101 for reg=L 
111 for reg=A 

Logically OR the contents of the Accumulator with the contents of Register A, B, C, D, 
E, H or L. Store the result in the Accumulator. 

Suppose xx=E3-|6 and Register E contains ASig- After the instruction 

OR E 

has executed, the Accumulator will contain EB-|6 

E3 = 1 1 1 11 
A8 = 10 10 1000 
1110 10 11 



1 sets S to 1 



Six 1 bits, set P/0 to 1 
Non-zero result, set Z to 
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OR (HL) — OR MEMORY WITH ACCUMULATOR 
OR (IX+disp) 
OR (lY+disp) 

S Z Ac P/O N C 
F |X[X| 1|X|0|0| 



A 
B.C 
D,E 
HL 
SP 
PC 
IX 
lY 
I 

R 





XX 










pp 


qq 




mmmm 










Data 
Memory 



yy 



ppqq 




Program 
Memory 



B6 



mmmm 
mmmm+ 1 
mmmm + 2 
mmmm + 3 



The illustration shows execution of OR (HL): 

OR (HL) 
B6 

OR contents of memory location (specified by the contents of the HL register pair) with 
the Accumulator. 

Suppose xx=E3-iQ, ppqq=4000i6' memory location 4000i6 contains A8i6- After 
the instruction 

OR (HL) 

has executed, the Accumulator will contain EB-15. 

E3 = 1 1 1 11 
A8 = 1 1 10 



1110 10 11 



1 sets S to 1 



Six 1 bits, set P/O to 1 
Non-zero result, set Z to 



OR^OX+disp) 
DD B6 d 

OR contents of memory location (specified by the sum of the contents of the IX register 
and the displacement value d) with the Accumulator. 

OR (lY+disp) 
FD B6 d 

This instruction is identical to OR (IX+disp), except that it uses the lY register instead of 
the IX register. 
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OUT (C).reg — OUTPUT FROM REGISTER 



S Z Ac P/O N C 
' 



i 



A 
B,C 
D.E 
H,L 
SP 
PC 
IX 
lY 
I 

R 









VV 












mmmm 









I/O port YV I 

Register A, B, C, 
D, E, H or L 




OUT (O.reg 




ED 01 XXX 001 



000 for reg=B 

001 for reg=C 

010 for reg=D 

011 for reg=E 

100 for reg=H 

101 for reg=L 
111 for reg=A 



Data 
Memory 



Program 
Memory 



ED 



OlxxxOOl 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



111 for reg=A 

'=1Fi6 and the contents of H are AA-jQ. After the execution 

OUT (C),H 



Suppose yy 
AA-)6 will be in the buffer of I/O port IFig 



of 
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OUTD — OUTPUT FROM MEMORY. DECREMENT 



ADDRESS 



S Z Ac P/0 N C 



XX- 1 



A 
B,C 
D.E 
H,L 
SP 
PC 
IX 
lY 
I 

R 



lulxluMll 1 - 










XX 


• 'J vv 






pp 


qq 




mmmm 













A I/O port yy 1 


Memory 








»^ ppqq-1 ^ 








■^mmmm + 2 j 


Program 
Memory 




ED 


AB 









ppqq 

A 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 




Output from memory location specified by HL to I/O port addressed by Register C. 
Registers B and HL are decremented. 

Suppose xx=0Ai6. VV^FFis. ppqq=5000ig, and memory location 5000-|5 contains 
77i5. After the instruction 

OUTD 

has executed, 77i6 will be held in the buffer of I/O port FFi6- The B register will con- 
tain 09-|6, and the HL register pair 4FFF15. 

OTDR — OUTPUT FROM MEMORY. DECREMENT ADDRESS, 
CONTINUE UNTIL REGISTER B=0 

OTDR 
ED SB 

OTDR is identical to OUTD, but is repeated until Register B contains 0. 

Suppose Register B contains 03i5, Register C contains FF15, and HL contains 5000iq. 
Memory locations 4FFE15 through 5OOO15 contain: 

Location/Contents 
4FFE16 CA16 
4FFF16 IB16 
5OOO16 FI16 



After execution of 



OTDR 



register pair HL will contain 4FFD15, Register B will contain zero, and the sequence 
16' CA15 will have been written to t/0 port FFi6- 

This instruction is very useful for transferring blocks of data from memory to output 
devices. 
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OUTI — OUTPUT FROM MEMORY. INCREMENT ADDRESS 

i 



S Z Ac P/0 N C 



XX- 1 



A 
B.C 
D E 
H L 
SP 
PC 
IX 
lY 
l' 
R 



lulxluluhl 1 














XX 






yy 






pp 


qq 




mmmm 













Data 



H I/O port yy | 


Memory 
















mmmm + 2 j 


Program 
Memory 




ED 


A3 









ppqq 



] 



mnr>mm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



OUTI 
ED^ 



Output from memorY location specified by HL to I/O port addressed by Register C. 
Register B is decremented and the HL register pair is incremented. 

Suppose xx=OAig, yY=FFi5, ppqq=5000i6' and memory location BOOOig contains 
77-\Q After the instruction 

OUTI 

has executed, 77-\q will be held in the buffer of I/O port FFig The 6 register will con- 
tain 09ig and the HL register pair will contain 5001 15. 

OTIR — OUTPUT FROM MEMORY. INCREMENT ADDRESS, 
CONTINUE UNTIL REGISTER B=0 

OTIR 

ED B3 

OTIR is identical to OUTI, except that it is repeated until Register B contains 0. 

Suppose Register B contains 04i6, Register C contains FF-| g, and HL contains 5000^6 
Memory locations 5000-|q through 5003i5 contain: 

Location/Contents 

5OOO16 CA16 

5OOI16 IB16 

500216 BI16 

5003i6 AD 16 



After execution of 



OTIR 



register pair HL will contain 5004i6, Register B will contain zero and the sequence 
CA15, IB1Q, B1 16 and AD16 will have been written to I/O port FFig 

This instruction is very useful for transferring blocks of data from memory to an output 
device. 
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OUT (port), A — OUTPUT FROM ACCUMULATOR 



S Z Ac P/O N C 
H I I I I I I 



A 
B.C 
D,E 
H,L 
SP 
PC 
IX 
lY 





















mmmm 

















I I/O ptrt yy I-*-, 




Data 
Memory 



Program 
Memory 



D3 



VY 



mmmrti 
mmmm + 1 
mmmm + 2 
mmmm + 3 



OUT (port). A 



Uci yy 

Output the contents of the Accumulator to the I/O port identified by the second OUT in- 
struction object code byte. 

Suppose 36i5 is held in the Accumulator, After the instruction 

OUT (1AH).A 

has executed, 3Q]Q will be in the buffer of I/O port 1 A15. 

The OUT instruction does not affect any statuses. Use of the OUT instruction is very 
hardware-dependent. Valid I/O port addresses are determined by the way in which I/O 
logic has been implemented. It is also possible to design a microcomputer system that 
accesses external logic using memory reference instructions with specific memory ad- 
dresses, OUT instructions are frequently used in special ways to control microcomputer 
logic external to the CPU 
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POP rp — READ FROM THE TOP OF THE STACK 
POP IX 
POP lY 

S Z AqP/O n c 

I I I I I 



Data 



A 
BC 
D.E 
H L 
SP 
PC 
IX 
lY 



SSSS 





Memory 


qq 




PP 









ssss 
ssss + 1 
ssss + 2 



Program 
Memory 



11000001 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



The Illustration shows execution of POP BC: 

POP rp 

11 XX 0001 

00 for rp is register pair BC 

01 for rp is register pair DE 

10 for rp is register pair HL 

1 1 for rp is register pair A and F 

POP the two top stack bytes into the designated register pair. 
Suppose qq=01 -15 and pp=2A'|g. Execution of 

POP HL 

loads 01 1 6 into the L register and 2A-| q into the H register. Execution of the instruction 

POP AF 

loads 01 into the status flags and 2Ai6 into the Accumulator Thus, the Carry status 
will be set to 1 and other statuses will be cleared. 

POP IX 
DD El 

POP the two top stack bytes into the IX register 

POP lY 

FD El 

POP the two top stack bytes into the lY register. 

The POP instruction is most frequently used to restore register and status contents 
which have been saved on the stack: for example, while servicing an interrupt. 
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PUSH rp — WRITE TO THE TOP OF THE STACK 
PUSH iX 
PUSH lY 

S Z Aq P/O N c 

M I I I I I I 



A 

B.C 
D.E 
H,L 
SP 
PC 
IX 
lY 
I 

R 



ppqq 




Data 
Memory 



qq 



pp 



ssss-2 
ssss-1 
ssss 



Program 
Memory 



FD 



E5 



The illustration shows execution of PUSH lY: 

PUSH lY 
FD E5 

PUSH the contents of the lY register onto the top of the stack. 
Suppose the lY register contains 45FF-|5. Execution of the instruction 

PUSH lY 

loads 45 15, then FFig onto the top of the stack. 

PUSH IX 

DD E5 

PUSH the contents of the IX register onto the top of the stack. 

PUSH rp 




mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



11 XX 0101 



00 for rp is register pair BC 

01 for rp is register pair DE 

10 for rp is register pair HL 

1 1 for rp is register pair A and F 

PUSH contents of designated register pair onto the top of the stack 
Execution of the instruction 

PUSH AF 

loads the Accumulator and then the status flags onto the top of the stack. 

The PUSH instruction Is most frequently used to save register and status contents; for 
example, before servicing an interrupt. 
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RES b.reg — RESET INDICATED REGISTER BIT 

S Z Ac P/O N C 

i I I M M 



A 

B,C 
D,E 
H,L 
SP 
PC 
IX 
lY 





yyyyyyyy 

















mmmm 








1 






RES b.reg 



CB 10 bbb XXX 



Bit 


bbb 


XXX 


Register 





000 


000 


B 


1 


001 


001 


C 


2 


010 


010 


D 


3 


Oil 


01 1 


E 


4 


100 


100 


H 


5 


101 


101 


L 


6 


110 


111 


A 


7 


1 1 1 







Data 
Memory 



Program 
Memory 



CB 



lObbbxxx 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



Reset indicated bit within specified register 
After the instruction 

RES 6,H 

has executed, bit 6 in Register H will be reset. (Bit is the least significant bit l 
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RES b,{HL) — RESET BIT b OF INDICATED MEMORY POSITION 
RES b,(IX+disp) 
RES b,(IY+di$p) 

S Z Ac P/O N C 

I I I I I 



A 

B.C 
D.E 
H,L 
SP 
PC 
IX 
lY 
1 

R 





















mmmm 


ppqq 









Data 
Memory 




yyyyyyyy 











ppqq + d 
i 




Program 
Memory 



DD 



CB 



lObbbllO 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 

mmmm + 4 



The illustration shows execution of SET b,(IX+disp). Bit is execution of SET 
b,(IX+disp). Bit is the least significant bit. 

RES b,(IX+disp) 




DDCB d 10 bbb 110 



bbb Bit Reset 

000 

001 1 

010 2 

011 3 

100 4 

101 5 

110 6 

111 7 

Reset indicated bit within memory location indicated by the sum of Index Register IX 
and d. 

Suppose IX contains 41 lOig, After the instruction 

RES 0,(1X4-7) 

has executed, bit in memory location 41 17tg will be 0. 



RES b,(IY+disp) 



FDCB d 10 bbb 110 

bbb is the same as in RES b,(IX+disp) 
This instruction is identical to RES b,(IX+disp), except that it uses the lY register instead 
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of the IX register. 



RES b,(HL) 

111 



CB 10 bbb 110 

bbb is the same as in RES b,(IX+disp) 
Reset indicated bit within memory location indicated by HL. 
Suppose HL contains 4444ig. After execution of 

RES 7,(HL) 

bit 7 in memory location 4444iq will be 0. 



RET — RETURN FROM SUBROUTINE 

S Z Ac P/O N C 
■^l ' ' I I I I 



Data 
Memory 



A 

B,C 
D,E 
H,L 
SP 
PC 
IX 
lY 
I 

R 



















XXXX 


mmmm 












1 




mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



RET 

Move the contents of the top two stack bytes to the Program Counter; these two bytes 
provide the address of the next instruction to be executed. Previous Program Counter 
contents are lost. Increment the Stack Pointer by 2, to address the new top of stack. 

Every subroutine must contain at least one Return (or conditional Return) instruction; 
this is the last instruction executed within the subroutine, and causes execution to 
return to the calling program. 
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RET cond — RETURN FROM SUBROUTINE IF CONDITION 
IS SATISFIED 



RET cond 




11 XXX 000 



Condition 



000 NZ Non-Zero 

001 Z Zero 

010 NC Non-Carry 

011 C Carry 

100 PO Parity Odd 

101 PE Parity Even 

110 P Sign Positive 

111 M Sign Negative 

Tliis instruction is identical to the RET instruction, except that the return is not ex- 
ecuted unless the condition is satisfied; otherwise, the instruction sequentially follow- 
ing the RET cond instruction will be executed. 

Consider the instruction sequence: 
) 



Relevant Flag 
Z 
Z 
C 

c 

P/0 
P/0 

s 
s 



CALL 
AND 



SUBR 
7CH-* 



SLfBR- 



RiT 



? 



cond 



;First subroutine instruction 

condition satisfied 



condition not 
satisfied 



80H 



After the RET cond is executed, if the condition is satisfied then execution returns to the 
AND instruction which follows the CALL. If the condition is not satisfied, the OR in- 
struction, being the next sequential instruction, is executed. 
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RET cond — RETURN FROM SUBROUTINE IF CONDITION 
IS SATISFIED 



RET cond 




11 XXX 000 



Condition 



000 NZ Non-Zero 

001 Z Zero 

010 NC Non-Carry 

011 C Carry 

100 PO Parity Odd 

101 PE Parity Even 

110 P Sign Positive 

111 M Sign Negative 

Tliis instruction is identical to the RET instruction, except that the return is not ex- 
ecuted unless the condition is satisfied; otherwise, the instruction sequentially follow- 
ing the RET cond instruction will be executed. 

Consider the instruction sequence: 
) 



Relevant Flag 
Z 
Z 
C 

c 

P/0 
P/0 

s 
s 



CALL 
AND 



SUBR 
7CH-* 



SLfBR- 



RiT 



? 



cond 



;First subroutine instruction 

condition satisfied 



condition not 
satisfied 



80H 



After the RET cond is executed, if the condition is satisfied then execution returns to the 
AND instruction which follows the CALL. If the condition is not satisfied, the OR in- 
struction, being the next sequential instruction, is executed. 
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RETI — RETURN FROM INTERRUPT 

S Z Ac P/O N C 



Fcznm 



A 
B.C 
D E 
H L 
SP 
PC 
IX 
lY 
I 

R 



















XXXX 


mmmm 













Data 
Memory 





Move the contents of the top two stack bytes to the Program Counter: these two bytes 
provide the address of the next instruction to be executed. Previous Program Counter 
contents are lost. Increment the Stack Pointer by 2, and address the new top of stack. 

This instruction is used at the end of an interrupt service routine, and, in addition to 
returning control to the interrupted program, it is used to signal an I/O device that the 
interrupt routine has been completed. The I/O device must provide the logic necessary 
to sense the instruction operation code: refer to An Introduction to Microcom- 
puters: Volume 2 for a description of how the RETI instruction operates with the Z80 
family of devices. 
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RETN — RETURN FROM NON-MASKABLE INTERRUPT 



S Z Ac P/O N C 



I I I 1 1 



A 

B,C 
D,E 
H,L 
SP 
PC 
IX 
lY 



















XXXX 


mmmm 














Data 
Mernory 



qq 



PP 



Program 
Memory 



ED 



45 



mmmm 
mmmm + 1 
mmmm + 2 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 




Move the contents of the top two stack bytes to the Program Counter: these two bytes 
provide the address of the next instruction to be executed. Previous Progrann Counter 
contents are lost. Increment the Stack Pointer by 2 to address the new top of stack. 
Restore the interrupt enable logic to the state it had prior to the occurrence of the non- 
maskable interrupt. 

This instruction is used at the end of a service routine for a non-maskable interrupt, and 
causes execution to return to the program that was interrupted. 
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RL reg — ROTATE CONTENTS OF REGISTER LEFT 
THROUGH CARRY 



S Z A, 



P/0 N J 

ixio lti 



F IX ixio |X|0.[Tt 



A 

D,E 
H,L 
SP 
PC 
IX 
lY 
I 

R 









■ 1 1 1 M 1 1 








mmmm 














The illustration shows execution of RL C: 

RL reg 



CB 00010 XXX 



000 for reg=B 

001 for reg=C 

010 for reg=D 

011 for reg=E 

100 for reg=H 

101 for reg=L 
111 for reg=A 

Rotate contents of specified register left one bit through Carry 
Suppose D contains A9-|5 and Carry=0. After the instruction 

RL D 

has executed, D will contain 52-|5 and Carry will be 1 : 

Before After 
Carry 

fol 



Register D 
110 10 1 o"oT1 



Register D 
10 1 1 fol 



sets S to 0- 
3 ones, set P/0 to 




Data 
Memory 



Program 
Memory 



CB 



00010001 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



Carry 

m 



Non-zero result, set Z to 
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RL (HL) — ROTATE CONTENTS OF MEMORY LOCATION 
RL {IX+dispi LEFT THROUGH CARRY 
RL (lY+disp) 



S Z AcP'O N ( 



A 
BC 
D E 
H L 
SP 
PC 
IX 
lY 





















mmmm 


PPqq 














Data 
Memory 



ppqq + d 

A 





Program 
Memory 



DD 



CB 



16 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 

mmmm + 4 



The illustration shows execution of RL (IX+disp): 

RL (IX+disp) 



DD CB d 16 



DD 

Rotate contents of memory location (specified by the sum of the contents of Index 
Register IX and displacement integer d) left one bit through Carry. 

Suppose the IX register contains 4000-1 5, memory location 4007iq contains 2f 15, and 
Carry is set to 1. After execution of the instruction 

RL (IX+7) 

memory location 4007-|6 will contain 5Fig, and Carry is 0: 

Before After 
Memory Carry Memory Carry 

|Q0 1 11111 Q] I 1 1 1 1 TTI [0] 



sets S to 0- 
6 ones, set P/0 to 1 




Non-zero result, set Z to 



RL (lY+disp) 
FD CB d 16 



This instruction is identical to RL (IX+disp), but uses the lY register instead of the IX 
register. 
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Rotate contents of mennory location (specified by the contents of the HL register pair) 
left one bit through Carry. 

RLA — ROTATE ACCUMULATOR LEFT THROUGH CARRY 



S 2 AcP/0 



N i 





^1 1 1 1 1 1 1 
















mmmm 










Data 
Memory 



Program 
Memory 



17, 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



RLA 
17 

Rotate Accumulator contents left one bit through Carry status. 

Suppose the Accumulator contains 2/\]Q and the Carry status is set to 1. After the in- 
struction 

RLA 

has executed, the Accumulator will contain F5i6 and Carry status will be reset toO: 
Before After 
Accumulator Carry Accumulator Carry 

IQ 1 1 1 1 1~0l [T] 11111 1 oTl jo] 
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RLC reg — ROTATE CONTENTS OF REGISTER LEFT CIRCULAR 



S 2 Ac P/ 
IX IXl ix 



O N C I 



B.C 



H,L 
SP 
PC 
IX 
lY 
I; 
R 



I I I I I I I 




The illustration shows execution of RLC E: 

RLC reg 




Data 
Memory 



Program 
Memory 



CB 



00000011 



mmmm 
mmntim + 1 
mmmm + 2 
mmmm + 3 



CB 000 00 XXX 

000 for reg = B 

001 for reg=C 

010 for reg=D 

011 for reg=E 

100 for reg=H 

101 for reg=L 
111 for reg=A 

Rotate contents of specified register left one bit, copying bit 7 into Carry. 
Suppose Register D contains A9i5 and Carry is 1. After execution of 

RLC D 

Register D will contain 53-] g and Carry will be 1 : 

Before After 

Register D Carry 
10 10 1 l"T] □ 



Register D 



10 10 100 1 



Carry 

m 



sets S to 
4 ones, set P/0 to 1 




Non-zero result, set Z to 
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RLC (HL) — ROTATE CONTENTS OF MEMORY LOCATION 
RLC (IX+disp) LEFT CIRCULAR 
RLC {lY+dIsp) 



S Z Ac P/O N C 
FIXIXIOIXIOI " 



Data 



A 
B,C 
D.E 
H.L 
SP 
PC 
IX 
lY 
I 

R 















PP 


qq 




mmrnnn 













> 


Memory 


1 




imiiii 











}. 
] 




Program 
Memory 



CB 



06 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



The illustration shows execution of RLC (HL): 

RLC (HL) 
CB 06 

Rotate contents of memory location (specified by the contents of the HL register pair) 
left one bit, copying bit 7 into Carry. 

Suppose register pair HL contains 54FF]q. Memory location 54FFi5 contains A5i5, 
and Carry is 0. After execution of 

RLC (HL) 

memory location 54FFi5 will contain 4Bi6. and Carry will be 1. 

Before After 
Memory Carry Memory Carry 

1 1 Q 1 ol] \o\ |0 1 00 1 lT| [Tj 



sets S to - 
4 ones, set P/O to 1 



-Non-zero result, set Z to 



RLC (IX+disp) 




DD CB d 06 



Rotate memory location (specified by the sum of the contents of Index register IX and 
displacement integer d) left one bit, copying bit 7 into Carry. 

Suppose the IX register contains 4000i g. Carry is 1 , and memor/ location 4007-| 5 con- 
tains 2FiQ. After the instruction 

RLC (IX+7) 
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has executed, memory location 4007 yQ will contain 5E15, and Carry will be 0: 

Before After 
Memory Carry Memon/ Carry 

10 1 1 1 iT| |T| 19 1 1 1 1 i"o1 [0] 



sets S to 
5 ones, set P/0 to 




Non-zero result, set Z to 



RLC (lY+disp) 
FD CB b 06 



This instruction is identical to RLC (IX+disp), but uses the lY register instead of the IX 
register. 

RLCA — ROTATE ACCUMULATOR LEFT CIRCULAR 



S Z Ac P/O N C 
F l I 10 1 lof 



>7 




Data 
Memory 



Program 
Memory 



07 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



RLCA 
07 

Rotate Accumulator contents left one bit, copying bit 7 into Carry. 

Suppose the Accumulator contains 7Ai 5 and the Carry status is set to 1 . After the in- 
struction 

RLCA 

has executed, the Accumulator will contain F4i6 and the Carry status will be reset toO: 

Before After 
Accumulator Carry Accumulator Carry 
111 1 i"o1 Q] |1 1 1 1 1 ool [0] 



RLCA should be used as a logical instruction. 
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RLD — ROTATE ONE BCD DIGIT LEFT BETWEEN 

THE ACCUMULATOR AND MEMORY LOCATION 



S Z Aq P'O N C 



A 
B,C 
D E 
H L 
SP 
PC 
IX 
lY 
I 

R 



PP 



Data 
Memory 

s I ppqq 



i 




Program 
Memory 



ED 



6F 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



RLD 
ED 6F 

The four low-order bits of a memory location (specified by the contents of register pair 
HL) are copied into the four high-order bits of the same memory location. The previous 
contents of the four high-order bits of that memory location are copied into the four 
low-order bits of the Accumulator The previous four low-order bits of the Accumulator 
are copied into the four low-order bits of the specified memory location. 

Suppose the Accumulator contains 7f-\Q, HL register pair contains 4000i 5. and memo- 
ry location 4000ig contains 12i6 After execution of the instruction 

RLD 

the Accumulator will contain 71 ig and memory location 4000iq will contain 2Fi6: 



Before 



Accumulator 
I 



7 



tvlemory 

1 mil 



After 

Accumulator Memory 
I. 7 I 1 I {TJB 



high-order bit=0, set S to 
4 ones, set P/0 to 1 



►Non-zero result, set Z to 
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RR reg — ROTATE CONTENTS OF REGISTER RIGHT THROUGH 
CARRY 



S Z Ac P/0 N 
F | X |X| OtxToT 




The illustration shows execution of RR C: 



Data 
Memory 



Program 
Memory 



CB 



00011001 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



RR reg 

XV 

CB 00011 XXX 

000 for reg=B 

001 for reg=C 

010 for reg=D 

01 1 for reg=E 

100 for reg=H 

101 for reg=L 
111 for reg=A 

Rotate contents of specified register right one bit through Carry- 
Suppose Register H contains OF -15 and Carry is set to 1 After the instruction 

RR H 

has executed. Register H will contain 87-|5, and Carry will be 1 : 

Before After 
Register H Carry Register H Carry 

00 1 1 iT| [T] 1 1 1 iT] |T] 



1 sets S to 1 
4 ones, set P/0 to 1 




Non-zero result, set Z to 
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RR (HL) — ROTATE CONTENTS OF MEMORY LOCATION 

RIGHT THROUGH CARRY 
RR (IX+disp) 
RR (lY+disp) 



S Z AqP 

^IxIxlolxlolAl 



N a 



A 
B C 
D E 
H L 
SP 
PC 
IX 
lY 





















mmmm 




ppqq 











Data 
Memory 



ppqq- 
1 



Program 
Memory 


mmmm 
mmmm + 1 
mmmm + 2 
m mmm + 3 

mmmm + 4 




FD 


CB 


1 - 











The illustration shows execution of RR (lY+disp): 

RR {IY+dis£) 




FD CB d IE 



Rotate contents of memory location (specified by the sum of the contents of the lY 
register and the displacement value d) right one bit through Carry, 

Suppose the lY register contains 4500-|6, memory location 450Fi5 contains ID15, 
Carry is set to After execution of the instruction 

RR (lY+OFH) 

memory location 450Fi6 will contain OE-|g, and Carry will be 1: 

Before After 
Carry 



Memory Carry Memory Carry 

1 1 1 0TI \o\ loooo 1 1 fol |T] 



sets S to 0' 
3 ones, set P/0 to 



-Non-zero result, set Z to 



RRjIX+disp) 
DD CB d IE 



This instruction is identical to RR (lY+disp), but uses the IX register instead of the lY 
register. 
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RR (HL) 



CB IE 

Rotate contents of memory location (specified by the contents of the HL register pair) 
right one bit through Carry, 

RRA — ROTATE ACCUMULATOR RIGHT THROUGH CARRY 



( S Z P^O N ^ 

? M I 10 I loFW 



B,C 
D.E 
H,L 
SP 
PC 
IX 
lY 
I 

R 



I I I' M I I 



Data 
Memory 




Program 
Memorv 



IF 



rnmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



RRA 
IF 

Rotate Accumulator contents right one bit through Carry status. 

Suppose the Accumulator contains 7Ai g and the Carry status is set to 1 . After the in- 
struction 

RRA 

has executed, the Accumulator will contain BDiq and the Carry status will be reset to 

0: 



Before 



After 



Accumulator Carry Accumulator Carry 
1 1 1 1 1 fo] Q] |1 1 1 1 1 oT] [O] 
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RR (HL) 



CB IE 

Rotate contents of memory location (specified by the contents of the HL register pair) 
right one bit through Carry, 

RRA — ROTATE ACCUMULATOR RIGHT THROUGH CARRY 



( S Z P^O N ^ 

? M I 10 I loFW 



B,C 
D.E 
H,L 
SP 
PC 
IX 
lY 
I 

R 



I I I' M I I 



Data 
Memory 




Program 
Memorv 



IF 



rnmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



RRA 
IF 

Rotate Accumulator contents right one bit through Carry status. 

Suppose the Accumulator contains 7Ai g and the Carry status is set to 1 . After the in- 
struction 

RRA 

has executed, the Accumulator will contain BDiq and the Carry status will be reset to 

0: 



Before 



After 



Accumulator Carry Accumulator Carry 
1 1 1 1 1 fo] Q] |1 1 1 1 1 oT] [O] 
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RRC (HU — ROTATE CONTENTS OF MEMORY LOCATION 
RRC (IX+disp) RIGHT CIRCULAR 
RRC (lY+disp) 



S Z Ac P/O N C 
IXIXIOIXIOI -w - 



Data 



A 
B,C 
D.E 
H,L 
SP 
PC 
IX 
lY 
11 
R 



PP 



qq 





Memory 















'ppqq 



i 




Program 
Memory 



CB 



OE 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



The illustration shows execution of RRC (HL); 

RRC (HL) 
CB OE 

Rotate contents of memory location (specified by the contents of the HL register pair) 
right one bit circularly, copying bit into the Carry status. 

Suppose the HL register pair contains 4500i6. memory location 4500-]5 contains 
34] 5, and Carry is set to 1. After execution of 

RRC (HL) 

memory location 4500i6 w\\ contain ^^}Q. and Carry wilt be 0: 

Before After 
Carry 



Memory 
100 1 1 1 oqI Q] 



sets S to ■ 
3 ones, set P/0 to 



Memory Carry 

10 1 1 fol [0] 



Non-zero result, set Z to 



RRC (IX+disp) 




DD CB d OE 

Rotate contents of memory location (specified by the sum of the contents of the IX 
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register and the displacement value d) right one bit circularly, copying bit into the Ca- 
rry status. 

RRC (lY+disp) 




FD CB d OE 



This instruction is identical to the RRC (IX+disp) instruction, but uses the lY register in- 
stead of the IX register. 

RRCA — ROTATE ACCUMULATOR RIGHT CIRCULAR 



S Z Ac P/O N C 



B,C 
D.E 
H.L 
SP 
PC 
IX 
lY 
I 

R 





111*111 

























Data 
Memory 




Program 
Memory 



OF 



mmfTim 
mmmm + 1 
mmmm + 2 
mmmm + 3 



RRCA 
OF 

Rotate Accumulator contents right one bit circularly, copying bit into the Carry status. 

Suppose the Accumulator contains 7A-|q and the Carry status is set to 1 After the in- 
struction 

RRCA 

has executed, the Accumulator will contain 3D-|q and the Carry status will be reset to 
0: 



Before 



After 



Accumulator Carry Accumulator Carry 
10 111 1 fol Q] 10011 11011 [o] 
RRCA should be used as a logical instruction. 
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RRD — ROTATE ONE BCD DIGIT RIGHT BETWEEN THE 
ACCUMULATOR AND MEMORY LOCATION 



E 



A 
BC 
D E 
H L 
SP 
PC 
IX 
lY 



Z A^P/O N C 
XI IX 10 I 1 





X I Y 










pp 


qq 




mmmm 










Data 
Memory 



3^ 



Program 
Memory 



ED 



67 



ppqq 

J 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 




The four high-order bits of a memory location (specified by the contents of register pair 
HL) are copied into the four low-order bits of the same memory location. The previous 
contents of the four low-order bits are copied into the four low-order bits of the Ac- 
cumulator. The previous four low-order bits of the Accumulator are copied into the four 
high-order bits of the specified memory location. 

Suppose the Accumulator contains 7Fi 5, HL register pair contains 4000ig, and memo- 
ry location 4000-] 6 contains 12-|6. After execution of the instruction 

RRD 

the Accumulator will contain 72^5 and memory location 4000i6 will contain Fl-ig- 



Before 
Accumulator Memory 



After 



F- 1 I 2 



Accumulator Memory 

Em 



High-order bit=0. set S to 
4 ones, set P/0 to 1 




Non-zero result, 
set Z to 
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RST n — RESTART 

S Z Ac P/O N C 

^ 1 1 M I I I 



Data 
Memory 



A 

B,C 
D.E 
H.L 
SP 
PC 
IX 
lY 
I 

R 



















ppqq 


mmmm 















RST n 



11 XXX 111 



Call the subroutine origined at the low memory address specified by n 
When the instruction 

RST 18H 

has executed, the subroutine origined at memory location 001 8ig is called. The pre 
vious Program Counter contents are pushed to the top of the stack. 

Usually, the RST instruction is used in conjunction with interrupt processing, as de 
scribed in Chapter 12. 

If your application does not use all RST instruction codes to service 
interrupts, do not overlook the possibility of calling subroutines 
using RST instructions. Origin frequently used subroutines at ap- 
propriate RST addresses, and these subroutines can be called with 
a single-byte RST instruction instead of a three-byte CALL instruction 



SUBROUTINE 
CALL USING 
RST 
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SBC A,data — SUBTRACT IMMEDIATE DATA FROM 
ACCUMULATOR WITH BORROW 



S Z AqP/O N C 
F IX |X|X |Xn 1X1 



B,C 
DE 
H L 
SP 
PC 
IX 
lY 
li 
R 





Data 
Memory 



Program 
Memory 



DE 



W 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



SBC A, data 
DE yy 

Subtract the contents of the second object code byte and the Carry status from the Ac- 
cumulator. 

Suppose xx=3A-|6 and Carry=1, After the instruction 

SBC A,7CH 

has executed, the Accumulator will contain BDig. 

3A = 1 1 10 10 
Twos comp of7C = 1000 0100 
Twos comp of Carry = 1111 1111 



1 sets S to 



1 



Borrow, set C to 1- 



oil 1101 



Non-zero result, set Z to 
Borrow, set Aq to 1 
Subtract instruction, set N to 1 



1 ¥ 1 =0. set P/0 to 
The Carry flag is set to 1 for a borrow and reset to if there is no borrow. 
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SBC A.reg — SUBTRACT REGISTER WITH BORROW 
FROM ACCUMULATOR 



S Z Ac P'O N C 

[nzniiiiiz] 



A 
B.C 
D.E 
H L 
SP 
PC 
IX 
lY 
I 

R 






XX 
















mmmm 
















1 Contents' of A, B, 
f^C, D, E, H or L 
1 is yy 



Data 
Memory 




Program 
Memory 



1001 Ixxx 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



SBC A. reg 

10011 xxx 

000 for reg=B 

001 for reg=C 

010 for reg=D 

011 for reg=E 

100 for reg=H 

101 for reg=L 
111 for reg=A 

Subtract the contents of the specified register and the Carry status from the Accumula- 
tor. 

Suppose xx=E3-]6- Register E contains AOig- and Carry=1. After the instruction 

SBC A.E 

has executed, the Accumulator will contain 42-\q. 

E3 = 1 11 11 
Two's comp of AO = 0110 0000 
Two's comp of 1 =1111 1111 



sets S to 
No borrow, set C to O- 



100 00 10 



t 



Non-zero result, set Z to 
No borrow, set Aq to 
Subtract instruction, set N to 1 



1-V-1=0, set P/0 toO 
The Carry flag is set to 1 for a borrow and reset to if there is no borrow 
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SBC A,(HU — SUBTRACT MEMORY AND CARRY FROM 

SBC A,(IX+disp) ACCUMULATOR 
SBC A,(IY-l-clisp) 



S Z P/O N C 
FIXIXIXIXIU)^ 



Data 
Memory 



A 
B,C 
D,E 
H.L 
SP 
PC 
IX 
lY 





XX 










PP 


qq 




mmmm 


















ppqq 

J 




Program 
Memory 



9E 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



The illustration shows execution of SBC A,(HL): 

SBC A,(HL) 
9E 

Subtract the contents of memory location (specified by the contents of the HL register 
pair) and the Carry from the Accumulator, 

Suppose Carry=0, ppqq=4000-|g. xx=3A-|g, and memory location 4000i6 contains 
7C-]5. After execution of the instruction 

SBC A,(HL) 

the Accumulator will contain BEiq. 

3A = 1 1 10 10 
Two's comp of7C = 1000 0100 
Two's comp of Carry = 



1 sets S to 



Borrow, set C to 1- 



Oil 1110 



Non-zero result, set Z to 
Borrow, set Aq to 1 
Subtract instruction, set N to 1 



OV-0=0, set P/0 to 
The Carry flag is set to 1 for a borrow and reset to if there is no borrow. 

SBC^^Ajj2<+dis£) 

DD 9E d 

Subtract the contents of memory location (specified by the sum of the contents of the 
IX register and the displacement value d) and the Carry from the Accumulator. 

SBC ^A^IY+djsp) 
FD 9E d 

This instruction is identical to the SBC A,(IX+disp) instruction, except that it uses the lY 
register instead of the IX register. 
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SBC HL,rp — SUBTRACT REGISTER PAIR WITH CARRY 
FROM H AND L 



S Z AqP'O n c 
F |X|X|X|X| 1 iXh 



xxxx-yyyy-CJ 



BC 
D.E 
H,L 
SP 
PC 
IX 
lY 
I 

R 




BC, DE, HL or SP 
contains WW 
•J 




Data 
Memory 



Program 
Memory 



ED 



OlxxOOlO 



mmmm 
mmmm + 1 
nnmmm + 2 
mmmrn + 3 



SBC HL, rp 




01 XX 0010 



00 for rp is register pair BC 

01 for rp is register pair DE 

10 for rp is register pair HL 

1 1 for rp is Stack Pointer 

Subtract the contents of the designated register pair and the Carry status from the HL 
register pair. 

Suppose HL contains F4A2i6, BC contains A034i 5, and Carry^O. After the instruction 

SBC HLBC 

has executed, the HL register pair will contain 546E15. 

Two's comp of F4A2 = 1111 0100 1010 0010 
Two s comp of A034 = 0101 1111 1100 1100 
Two's comp of Carry = 



sets S to 
No borrow, set C to 



0101 0100 0110 1110 



Non-zero result, set Z to 
No borrow. 

Subtract instruction, set N to 1 



1 V- 1 =0, set P/0 to 
The Carry flag is set to 1 for a borrow and reset to if there is no borrow 
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SCF — SET CARRY FLAG 

S Z Ac P/O N C 
H I I I I I 



A 
B,C 
D,E 
H,L 
SP 
PC 
IX 
lY 
I 

R 






















mmmm 













Data 
Memory 




Program 
Memory 



37 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



SCF 
37 

When the SCF instruction is executed, the Carry status is set to 1 regardless of its pre- 
vious value. No other statuses or register contents are affected. 
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SET b.reg — SET INDICATED REGISTER BIT 

S 2 Ac P/O N C 

Fi I I I I n 




Data 
Memory 



Program 
Memory 



CB 



1 Ibbbxxx 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



SET b.reg 
CB llbbb XXX 



Bit 


1 
2 
3 
4 
5 
6 
7 



bbb 
000 
001 
010 
011 
100 
101 
110 
111 



XXX 

000 
001 
010 
Oil 
100 
101 

111 



Register 
B 
C 
D 
E 
H 
L 
A 



SET indicated bit within specified register. After the instruction 

SET 2.L 

has executed, bit 2 in Register L will be set. (Bit is the least significant bit.) 
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SET b,(HL) — SET BIT b OF INDICATED MEMORY POSITION 
SET b.dX+dIsp) 
SET b,(IY+disp) 

S Z Ac P/0 N C 



I I I I I I 




A 
B.C 
D,E 
H.L 
SP 
PC 
IX 
lY 
I 

R 















PP 


qq 




mmmm 











Data 
Memory 


) 1 




:t= 


yyyy yyyy 







ppqq 

f 




Program 
Memory 



CB 



llbbbllO 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



The illustration shows execution of SET b,(HL). Bit is the least significant bit, 

SET b,(HL) 



CB 11 bbb 110 
Bit Set 




1 
2 
3 
4 
5 
6 
7 



bbb 

000 
001 
010 
Oil 
100 
101 
110 
111 



Set indicated bit within menriory location indicated by HL. 
Suppose HL contains 4000-\q. After the instruction 

SET 5,(HL) 

has executed, bit 5 in mennory position 4OOO15 will be 1, 

SET b,(IX+disp) 




DD CB d 11 bbb 110 

bbb is the same as in SET b,(HL) 

Set indicated bit within memory location indicated by the sum of Index Register IX and 
displacement. 
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Suppose Index Register IX contains 4000i6- After execution of 

SET 6,(IX+5H) 
bit 6 in memory location 4005ig will be 1. 

SET b.dY+disp) 




FD C8 d n bbb 110 

bbb is the same as in SET b,(HL) 

This instruction is identical to SET b,(IX+disp), except that it uses the lY register instead 
of the IX register. 

SLA reg — SHIFT CONTENTS OF REGISTER LEFT ARITHMETIC 



S Z AcP/O N ^ 
F iX|X|O|X|0TTl 



A 

D,E 
H,L 
SP 
PC 
IX 
lY 



I I I I I I I 




Data 

Memory 



Program 
Memory 



CB 



00100001 



mmmrrt 
mmmm + 1 
mmmm + 2 
mmmm + 3 



The illustration shows execution of SLA C: 

SLA reg 

CB 00100 XXX 

000 for reg=B 

001 for reg=C 

010 for reg=D 

01 1 for reg=E 

100 for reg=H 

101 for reg=L 
111 for reg=A 

Shift contents of specified register left one bit, resetting the least significant bit to 0. 
Suppose Register B contains IF-] 5. and Carry^l. After execution of 

SLA B 

Register B will contain 3Ei6 and Carry will be zero. 
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Before 
Register B Carry 

1000 1 1 1 1 11 Q] 



sets S to 
5 ones, set P/0 to 



After 

Register B Carry 
1 Q 1 1 1 1 fol {0\ 



u 



Non-zero result, set Z to 



SLA (HL) — SHIFT CONTENTS OF MEMORY LOCATION 
SLA (IX+disp) LEFT ARITHMETIC 
SLA (lY+dIsp) 



S Z Ac p/0 N C 

|x|xio|x|o[~K 




A 
B.C 
D,E 
H,L 
SP 
PC 
IX 
lY 
I 

R 



PP 



Data 
Memory 



ppqq 

J 




Program 
Memory 



CB 



26 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



The illustration shows execution of SLA (HL): 

SLA (HL) 
CB 26 

Shift contents of nnemory location (specified by the contents of the HL register pair) left 
one bit, resetting the least significant bit to 0. 

Suppose the HL register pair contains 4500-\q, memory location 4500i6 contains 
84 -15, and Carry=0. After execution of 

SLA (HL) 

memory location 4500i6 will contain OQ^q. and Carry will be 1. 

Before After 
Carry 



Memory Carry Memory Carry 

1 OOP 1 OOl Q] IQQOO 100^ UI 



sets S to 0- 
1 one, set P/0 to 



L 



Non-zero result, set Z to 
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SLA (IX+disp) 




DB CB 



26 



Shift contents of mennory location (specified by the sum of the contents of the IX 
register and the displacennent value d) left one bit arithmetically, resetting least signifi- 
cant bit to 0. 



SLA (lY+disp) 




FD CB ci 26 

This instruction is identical to SLA (IX+disp), but uses the lY register instead of the IX 
register. 

SRA reg — ARITHMETIC SHIFT RIGHT CONTENTS OF 
REGISTER 

S Z Ac P/O N C 
FiXrXIOIXIOl 



A 
B.C 
D.E 
H,L 
SP 
PC 
IX 
lY 
I 

R 



. 1 I 14 1 I I 



} 



Data 
Memory 




Program 
Memory 



CB 



00101111 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm 3 



The illustration shows execution of SRA A: 

SRA reg 

CB 00101 XXX 

000 for reg=B 

001 for reg=C 

010 for reg=D 

01 1 for reg=E 

100 for reg=H 

101 for reg=L 
111 for reg=A 

Shift specified register right one bit Most significant bit is unchanged. 
Suppose Register H contains 59-|6' ^nd Carry=0. After the instruction 

SRA H 

has executed. Register H will contain 2Ci5 and Carry will be 1. 
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Before 
Register H 



|0 1 1 100 1 



C 

fol 



After 
Register H 



00101100 



sets S to 
3 ones, set P/0 to 



C 

□ 



Non-zero result, set 2 to 



SRA (HL) — ARITHMETIC SHIFT RIGHT CONTENTS OF 
SRA (IX+disp) MEMORY POSITION 
SRA (lY+disp) 



S Z AqP'O N 
F 1X|X|OU|0|T| 



A 
BC 
D E 
HL 
5P 
PC 
IX 
lY 
II 
R 



ppqq 





ppqq + d 




Program 
Memory 






DD 


mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 


CB 


d 


2E 




mmmm + 4 







The illustration shows execution of SRA (IX+disp): 

SRA (IX+disp) 




Shift contents of memory location (specified by the sum of the contents of Register IX 
and the displacement value d) right. Most significant bit is unchanged. 

Suppose Register IX contains 3400i6, memory location 34AAi5 contains 27-\q. and 
Carry=1. After execution of 

SRA (IX+OAAH) 

memory location 34AA-|5 will contain ^3■\Q. and Carry will be 1. 

Before After 
Memory Carry Memory 



1 1 i"T| jT] 1000 1 ooTTI 



sets S to 0- 
3 ones, set P/0 to 



Carry 
□ 



on-zero result, set Z to 
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SRA (lY+disp) 




FD CB 



This instruction is identical to SRA (IX+disp), but uses the lY register instead of the IX 
register. 

SRA (HL) 
CB 2E 

Shift contents of memory location (specified by the contents of the HL register pair) 
right one bit. Most significant bit is unchanged. 

SRL reg — SHIFT CONTENTS OF REGISTER RIGHT 
LOGICAL 



S Z Ac P/O N C 
F|0|X|OtX|0|-U- 




A 

B,C 

H,L 
SP 
PC 
IX 
lY 
I 

R 













■ H 








mmrrtm 















Data 
Memory 



Program 
Memory 



CB 



00111011 



mmmm 

mmmm + 1 

mmmm + 2 

mmmm -f 3 



The illustration shows execution of SRL E: 

SRL reg 

CB 00111 XXX 

000 for reg=B 

001 for reg=C 

010 for reg=D 

01 1 for reg=E 

100 for reg=H 

101 for reg=L 
111 for reg=A 

Shift contents of specified register right one bit Most significant bit is reset to 0. 
Suppose Register D contains 1F-)5, and Carry=0. After execution of 

SRL D 

Register D will contain OF-]q, and Carry will be 1. 
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Before 
Register D Carry 



After 
Register D 



000 1 1111 



0000 1111 



Carry 
□ 



4 ones, set P/0 to 1 



on-zero result, set Z to 



SRL (HL) — SHIFT CONTENTS OF MEMORY LOCATION 
SRL (IX+dIsp) RIGHT LOGICAL 
SRL (lY+disp) 



S Z AqP/O N c 
FIOIXIOIXIOI W 



Data 
Memory 



A 
B,C 
DE 
HL 
SP 
PC 
IX 
lY 
I 

R 



PP 



ppqq 



qq 




The illustration shows execution of SRL (HL): 

SRL (HL) 
CB 3E 

Shift contents of memory location (specified by the contents of the HL register pair) 
right one bit. Most significant bit is reset to 0. 

Suppose the HL register pair contains 2000 ig, memory location 2000 1 5 contains 8F1 q, 
and Carry=0. After execution of 

SRL (HL) 

memory location 2000i6 will contain 47i6. and Carry will be 1, 

Before After 
Memory Carry Memory Carry 

110 1 1 m [0] io 1 00 1 rn q] 



4 ones, set P/0 to 1 

SRL (IX+disp) 



Non-zero result, set Z to 




DD CB d 3E 

Shift contents of memory location (specified by the sum of the contents of the IX 
register and the displacement value d) right one bit. Most significant bit is reset to 0. 
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SRL (lY+disp) 




FD DB d 3E 

This instruction is identical to SRL (IX+disp), but uses the lY register instead of the IX 
register. 

SUB data — SUBTRACT IMMEDIATE FROM ACCUMULATOR 



S Z Ac P/O N C 



A 

B.C 
D.E 
H,L 
SP 
PC 
IX 
lY 
I 

R 





XX 
















mm 


mm 









Data 
Memory 



Program 
Memory 



D6 



yy 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



SUB data 
D6 "yy" 

Subtract the contents of the second object code byte from the Accumulator. 
Suppose xx=3A-]Q. After the instruction 

SUB 7CH 

has executed, the Accumulator will contain BE15. 

3A = 1 1 10 10 
Two's comp of 7C = 1 0100 



1 sets S to 
Borrow, set C to 1 



Oil 1110 



t 



0V0=0, set P/0 to 
Notice that the resulting carry is complemented. 



Non-zero result, set Z to 

Borrow, set Ac to 1 

Subtract instruction, set N to 1 
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SUB reg — SUBTRACT REGISTER FROM ACCUMULATOR 



S Z Ac P/0 N C 

Ixixl x|x iTTxl 



A 
B.C 
D.E 
H,L 
SP 
PC 
IX 
lY 
I 



f 





XX 
















mmmm 









XX -¥V ^ 

^ Contents of A, B, C, 
r^D, E, H or L is yy 




Data 
Memory 



Program 
Memory 



lOOIOxxx 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 




reg 

XXX 

000 for reg=B 

001 for reg=C 

010 for reg =D 

01 1 for reg=E 

100 for reg=H 

101 for reg =L 
111 forreg=A 

Subtract the contents of the specified register from the Accumulator. 
Suppose xx=E3 and Register H contains AOiq. After execution of 

SUB H 



the Accumulator will contain ^3-\q. 

E3 = 1110 
Two's comp of AO = 110 



00 11 
0000 



sets S to 





oJ 



No borrow, set C to 0- 



100 00 11 



1 ¥ 1 =0. set P/0 to 
Notice that the resulting carry is complemented. 



Non-zero result, set Z to 
No borrow, set Aq to 
Subtract instruction, set N to 1 
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SUB (HL) — SUBTRACT MEMORY FROM ACCUMULATOR 
SUB (IX+disp) 
SUB (lY+disp) 

S Z Ac P/O N C 
F |X|XlXiX|1 |X| 



A 
B,C 
D.E 
H,L 

SP 
PC 

IX 

lY 





XX 
















mmmm 


ppqq 








Data 
Memory 



yy 




ppqq + d 

J 




Program 
Memorv 



DD 



96 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



The illustration shows execution of SUB (IX+d). 

SUB^ (IX+disp) 

DD 96 d 

Subtract contents of memory location (specified by the sum of the contents of the IX 
register and the displacement value d) from the Accumulator. 

Suppose ppqq=4000i6, xx=FFi5, and memory location 40FFi6 contains 50-\q After 
execution of 

SUB (IX+OFFH) 
the Accumulator will contain AF-|6' 

FF = 1 1 1 1 1111 
Two's comp of 50 = 1 1 1 0000 
10 10 1111 



1 sets S to 1 
No borrow, set C to 



1 V 1 =0, set P/0 to 
Notice that the resulting carry is complemented. 

SUB (lY+disp) 



on-zero result, set Z to 
No borrow, set Aq to 
Subtract instruction, set N to 1 



FD 96 d 

This instruction is identical to SUB (IX+disp). except that it uses the lY register instead 
of the IX register. 

SUB (HL) 
96 

Subtract contents of memory location (specified by the contents of the HL register pair) 
from the Accumulator 
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XOR data — EXCLUSIVE-OR IMMEDIATE WITH ACCUMULATOR 

S Z Ac P/O N C 



F |X|XJ1 |X10|0| 



A 
B,C 
D.E 
H,L 
SP 
PC 
IX 
lY 





XX 
















mmmm 











Data 
Memory 



Program 
Memory 



EE 



VV 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



data 



XOR 
EE yy 

Exclusive-OR the contents of the second object code byte with the Accumulator, 
Suppose xx=3Ai6- After the instruction 

XOR 7CH 

has executed, the Accumulator will contain 46-|g. 

3A = 1 1 10 10 



7C = 1 1 1 110 



sets S to 



100 110 

result, set Z to 
set P/O to 

The Exclusive-OR instruction is used to test for changes in bit status. 



h Non-zero resi 
Three 1 bits. 
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XOR reg — EXCLUSIVE-OR REGISTER WITH ACCUMULATOR 

S Z Ar P/O N C 



A 

B,C 
D E 
H,L 
SP 
PC 
IX 
lY 
I 

R 



|x|xn 1X|0|0 


f 




















mmmm 










1 




K Contents of A, B, 
C, D, E, H or L 
is yy 



Data 
Memory 




Program 
Memory 



lOIOlxxx 



mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



XOR reg 

10101 XXX 

000 for reg=B 

001 for reg=C 

010 for reg=D 

01 1 for reg=E 

100 for reg=H 

101 for reg=L 
111 for reg=A 

Exclusive-OR the contents of the specified register with the Accumulator. 
Suppose xx=E3t6 and Register E contains AO15. After the instruction 

XOR E 

has executed, the Accumulator will contain 43i5. 

E3 = 1 1 1 11 
AO =1010 0000 



100 



sets S to 



00 11 

A 



■Non-zero result, set Z to 



—Three 1 bits, set P/O to 
The Exclusive-OR instruction is used to test for changes in bit status. 
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XOR (HL) — EXCLUSIVE-OR MEMORY WITH ACCUMULATOR 
XOR (IX+disp) 
XOR (lY+disp) 



S Z Ac P/O N C 
F |X|X|1 IxfoTol 



Data 
Memory 



A 

B.C 
D,E 
H.L 
SP 
PC 
IX 
lY 





XX 
















mmmm 


ppqq 








mmmm 
mmmm + 1 
mmmm + 2 
mmmm + 3 



The illustration shows execution of XOR (IX+disp): 

XOR jlX+disp) 

DD AE d 

Exclusive-OR contents of memory location (specified by the sum of the contents of the 
IX register and the displacement value d) with the Accumulator. 

Suppose xx=E3i6, ppqq=4500i6. and memory location 45FF-|6 contains A0-|6- After 
the instruction 

XOR (IX+OFFH) 

has executed, the Accumulator will contain 43i6- 

E3 = 1 1 1 11 
AO = 1010 0000 



100 00 11 



sets S to 



■Non-zero result, set Z to 
-Three 1 bits, set P/O to 



XOR (lY+disp) 



FD AE d 

This instruction is identical to XOR (IX+disp), except that it uses the lY register instead 
of the IX register. 

XOR (HL) 
AE 

Exclusive-OR contents of memory location (specified by the contents of the HL register 
pair) with the Accumulator. 
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8080A/Z80 COMPATIBILITY 

Although th« Z80 microprocessor can certainly be used on 8080A/Z80 
its own merits, one of its important characteristics is its COMPATIBILITY 
compatibility with the 8080A microprocessor. This com- FEATURES 
patibility has the following features: 

1) All 8080A machine language instructions are also Z80 machine language instruc- 
tions. 

2) All 8080A registers are also Z80 registers (see Table 3-6). 

3) Almost all 8080A programs will run on a Z80, with some minor differences to be 
noted later. 

4) The Z80 has instructions, registers, and other features not present on the 8080A, 
so Z80 programs will not generally run on 8080A processors. 

Note that this compatibility does not extend to assembly 
language source statements since Z80 assemblers and 8080A 
assemblers use different operation code mnemonics. Table 3-7 
contains a list of the 8080A mnemonic codes and the corres- 
ponding Z80 codes, while Table 3-8 is the same list organized 
by Z80 codes. 

Readers should note the binary coding limitations that this com- 
patibility places on the extra features of the Z80 microprocessor. 
The 8080A has some unused operation codes (see Table 3-9) that 
are used for some of the Z80's extra instructions. But there are 
simply not enough such codes to cover the large number of 
features in a simple form. 

Thus, many of the added Z80 instructions require a 2-byte opera- 
tion code. The first byte is CB, DD, ED, or FD. Note the following 
meanings of these codes from Table 3-9: 

CB — a register or bit operation 
DD — an operation involving register IX 
ED — a miscellaneous non-8080A instruction not covered elsewhere 
FD — an operation involving register lY 
The second byte of the operation code describes the actual operation to be performed. 

The end result is that these multi-byte instructions execute rather FASTER AND 
slowly (and use more memory) because an additional memory SLOWER 
access is required. The reader should be aware of this variation in EXECUTING 
execution times and try to use faster executing instructions when INSTRUCTIONS 
possible. This warning particularly applies to the extra shift 
instructions (RLC, RRC, RL, RR, SRA, SRL) and to instructions involving the index 
registers IX and lY 

There are a few minor incompatibilities between the 
8080A and the Z80. These are: 

1) The Z80 uses the P (or P/0) flag to indicate twos com- 
plement overflow after arithmetic operations. The 8080A always uses this flag for 
parity. 

2) The Z80 and 8080A execute the DAA instruction differently. On the Z80. this in- 
struction will correct decimal subtraction as well as decimal addition. On the 
8080A, it will correct only decimal addition. 

3) The Z80 rotate instructions clear the Ac flag. The 8080A rotate instructions do 
not affect the A^ flag. 



8080A/Z80 
ASSEMBLY 
LEVEL 

CONVERSION 



8080A 
UNUSED 
OPERATION 
CODES 



2-BYTE 

OPERATION 

CODES 



8080A/Z80 
INCOMPATIBILITIES 
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Table 3-6. Register and Flag Correspondence between 
Z80 and 8080 A 



Z80 Register 


BOSOA Ragiater 


A 


A 


A' 


None 


B 


B 


B' 


None 


C 


C 


C 


None 


D 





D' 


None 


E 


E 


E' 


None 


F 


LVa3l t^^Ji II ■ l^Ql 1 1 MClll kill r ^VV 


F' 


None 


H 


H 


H' 


None 


t 


None 


IX 


None 


lY 




L 


L 


L' 


None 


R 


None 


PC 


PC 


SP 


SP 


ZSO Regiitar Pain 


8080A Register Pairs 


BC 


B 


DE 


D 


HL 


H 


AF 


PSW 


Z80 Flag* 


8080A Flags 


C (CarrYl 


C (Carry) 


H (Half-Carry) 


AC (Auxiliary Carry) 


N (Subtract) 


None 


P/0 (Paritv/Overflow) 


P (Parity) 


S (Sign) 


S (Sign) 


Z (Zaro) 


Z (Zero) 



8085/Z80 

INCOMPATIBILITIES 



The Z80 is not compatible with the extra features of 
the 8085 microprocessor. The codes used for RIM and 
SIM on the 8085 are used for relative jumps (NZ and NC) on 
the Z80. 

Instruction timings on the 8080A, 8085, and Z80 all 
differ. Programs that depend on precise instruction tim- 
ings will therefore execute properly only on the pro- 
cessor for which they were written. 

The N flag on the Z80 occupies bit 2 of the F register: the corresponding bit in the 
Processor Status Word of the 8080A is always a logic '1'. 



TIIVIING 

INCOMPATIBILITIES 
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Table 3-7 Correspondence between 8080A and Z80 Mnemonics 



8080A Mnemonic 


Z80 Mn«nionic 




8080A Mnamonic 


Z80 Mnamonic 


ACI 




ADC 






LHLD 




LD 


HL.Iaddr) 


ADC 


FBy or FVI 


ADC 


A ran nr fMI 1 




LXI 


l\J,\JOl.O lu 


LD 


m HAtA Ifi 


ADD 


' '^xi U 1 IVI 


ADD 






MOV 


rAn ran nr hA 


LD 


r8g,rog or (HL) 


ADI 




ADD 






MOV 


ran /^r M mn 
■ cy ui ivi.ioy 


LD 


ma nr (HI 1 tt^a 


ANA 


117^ Ul IVI 


AND 






MVI 


rAn nr hA rintn 


LD 


fog or (HDfdata 


ANI 




AND 






NOP 




NOP 




CALL 


add' 




addr 




ORA 


rAn nr hA 

ivy vji IVI 


OR 


ran or (HL) 


CC 


addr 


CALL 


C addr 




ORI 


data 


OR 


data 


CM 


addr 


CALL 


M.addr 




OUT 


po 


OUT 


(port), A 


CMA 




CPL 






PCHL 




JP 


(HL) 


CMC 




CCF 






POP 


pr 


POP 


or 


CMP 


' \J^ IVI 


CP 


rnn nr (Ml \ 
ray Oi \nL.i 




PUSH 


pr 


PUSH 


nr 


CNC 


addr 


CALL 


ur* addr 




RAL 




RLA 




CNZ 




CALL 


l<l^i«lkJUI 




RAR 




RRA 




CP 


addr 


CALL 


P.addr 




RC 




RET 


c 


CPE 


addr 


CALL 


PE.addr 




RET 




RET 




CPI 




CP 


data 




RLC 




RLCA 




CPO 


addr 


CALL 






RM 




RET 


M 


CZ 


addr 


CALL 


Z addr 




RNC 




RET 


NC 


DAA 




DAA 






RNZ 




RET 


NZ 


f DAD 




ADD 


HL,rp 




RP 




RET 


p 


DCR 


rvMi nr 


DEC 


rea or (HLt 




RPE 




RET 


PE 


OCX 




DEC 






RPO 




RET 


PO 


Dl 




01 






RRC 




RRCA 




El 




El 






RST 




RST 


n 


HLT 




HALT 






RZ 




RET 


z 


IN 


port 


IN 


A,(port) 




SBB 


rsg or M 


SBC 


A.reg or (HL) 


INR 


reg or M 


INC 


reg of (HL) 




SBI 


data 


SBC 


A, data 




rp 


INC 


fp 




onLU 


addr 


LD 




JC 


addr 


JP 


Caddr 




SPHL 




LD 


SP.HL 


JM 


addr 


JP 


M.addr 




STA 


addr 


LD 


(addrj.A 


JMP 


addr 


JP 


addr 




STAX 


B or □ 


LD 


(BC) or tDE),A 


JNC 


addr 


JP 


NC.addr 




STC 




SCF 




JP 


addr 


JP 


P,3ddr 




SUB 


reg or M 


SUB 


reg or (HL) 


JNZ 


addr 


JP 


NZ.addr 




SUI 


data 


SUB 


data 


JPE 


addr 


JP 


PE.addr 




XCHG 




EX 


DE.HL 


JPO 


addr 


JP 


PO.addr 




XRA 


reg or M 


XOR 


reg or (HL) 


JZ 


addr 


JP 


Z.addr 




XRI 


data 


XOR 


data 


LDA 


addr 


LD 


A,(addr) 




XTHL 




EX 


(SP),HL 


LDAX 


B or 


LD 


A,(BCI or (OE) 
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Table 3-8. Correspondence between Z80 and 8080A Mnemonicb 



Z80 Mnemonic 


8080A Mnemonic 


ADC 


A.data 


ACI 


data 


ADC 


A,(HU 


ADC 


M 


ADC 


A.reg 


ADC 


reg 


ADC 


A.lxy + disp) 


— 




ADC 


HL.rp 






ADD 


A.data 


AD! 


data 


ADD 


A,(HU 


ADD 


M 


ADD 


A.reg 


ADD 


reg 


ADD 


A,(xy + disp) 






ADD 


HL,rp 


DAD 


rp 


ADD 


IX.pp 


— 




ADD 


lY.rr 


— 




AND 


data 


AMI 


data 


AND 


(HU 


ANA 


M 


AND 


rag 


ANA 


reg 


AND 


(xy + disp) 


— 




BIT 


b,(HL) 






BIT 


b.reg 






BIT 


b.lxy + disp) 






CALL 


addr 


CALL 


addr 


CALL 


C.addr 


CC 


addr 


CALL 


M.addr 


CM 


addr 


CALL 


NCaddr 


CNC 


addr 


CALL 


NZ.addr 


CNZ 


addr 


CALL 


P.addr 


CP 


addr 


CALL 


PE,addr 


CPE 


addr 


CALL 


PO.addr 


CPO 


addr 


CALL 


Z.addr 


CZ 


addr 


CCF 




CMC 




CP 


data 


CPI 


data 


CP 


(HL) 


CMP 


M 


CP 


reg 


CMP 


reg 


CP 


(xy + disp) 


— 




CPD 




— 




CPDR 




— 




CPI 




— 




CPIR 




— 




CPL 




CMA 




DAA 




DAA 




DEC 


(HL) 


OCR 


M 


DEC 


reg 


OCR 


rag 


DEC 


rp 


OCX 


rp 


DEC 


xy 


- 




DEC 


(xy + disp) 






Dl 




Dl 




DJNZ 


disp 






El 




El 




EX 


AF.AP 






EX 


DE.HL 


XCHG 




EX 


(SP),HL 


XTHL 




EX 


(SP).xy 






EXX 








HALT 




HLT 




IM 


m 






IN 


A,(pOft) 


IN 


port 


IN 


reg,(C) 






INC 


(HL) 


INR 


M 


INC 


reg 


INR 


reg 



— indicates that there is no corresponding instruction. 



Z80 Mnemonic 


8080A Mnemonic 


INC 


rp 


INX 


rp 


INC 


xy 


- 




INC 


(xy + disp) 


— 




IND 




— 




INDR 




— 




INI 




— 




INIR 




— 




JP 


addr 


JMP 


addr 


JP 


C.addr 


JC 


addr 


JP 


(HL) 


PCHL 




JP 


M.addr 


JM 


addr 


JP 


NCaddr 


JNC 


addr 


JP 


NZ.addr 


JNZ 


addr 


JP 


P.addr 


JP 


addr 


JP 


PE.addr 


JPE 


addr 


JP 


PO.addr 


JPG 


addr 


JP 


Z.addr 


JZ 


addr 


JP 


xy 


— 




JR 


C.disp 


— 




JR 


disp 


— 




JR 


NC.disp 


— 




JR 


NZ.disp 


— 




JR 


Z.disp 


— 




LD 


A,(addr) 


LDA 


addr 


LD 


A.(BC) or (DE) 


LDAX 


B or D 


LD 


A.l 


— 




LD 


A,R 


— 




LD 


(addr),A 


STA 


addr 


LD 


(addr),BC or DE 


— 




LD 


(addr).HL 


SHLD 


addr 


LD 


(addr),SP 


— 




LD 


(addr),xy 


— 




LD 


(BC) or (DE),A 


STAX 


B or D 


LD 


BC or DE.(addr) 


— 




LD 


HL.(addr) 


LHLD 


addr 


LD 


(HLl.data 


MV1 


M.data 


LD 


(HL).reg 


MOV 


M.reg 


LD 


I.A 






LD 


R.A 


— 




LD 


reg.data 


MVi 


reg.data 


LD 


reg,(HL) 


MOV 


rag.M 


LD 


reg. reg 


MOV 


reg.reg 


LD 


reg,(xy + disp) 


— 




LD 


rp,data16 


LXI 


rp,data16 


LD 


SP.(addr) 


— 




LD 


SP.HL 


SPHL 




LD 


SP.xy 






LD 


xy.data16 






LD 


xy,(addr) 






LD 


(xy + disp).data 






LD 


(xy + disp).reg 






LDD 








LDDR 








LDI 








LDIR 








NEG 








NOP 




NOP 




OR 


data 


ORI 


data 
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Table 3-8. Correspondence between Z80 and 8080A Mnennonics (Continued) 



Z80 Mnemonic 


80B0A Mnemonic 




Z80 Mnenrionic 


8Q80A Mnvmonic 




/Ul \ 


unA ivi 




□ D 

nn 












UMA reg 




nn 


reg 






no 


(xy + disp) 






nn 


(xy + disp) 






OTDR 








DD A 

nnA 




DAD 




U 1 In 










IMI \ 






m IT 


/PI ran 






RRC 


reg 






ni IT 


(porll.A 


r\i IT nrkrt 

UU 1 pon 




DDP 


(xy + disp) 






m iTR 








DDPA 

nnuA 




RRC 




m iTi 

UU 1 1 








□on 
nnu 








rur 


pr 


POP nr 

rUr pr 




OCT 

no 1 


n 


RST 




OOP 


xy 






COP 


A,ddt9 




data 


PUSH 




Pi ICI-I nr 

ruon pr 




COP 


A fUt \ 
AilPlLf 


Odd 


IVI 


Dl ICLl 


xy 






CQP 


A, reg 


SBB 


reg 


□ EC 








CQP 


A,(xy + disp) 








b,rog 








Ml rr> 








b,(xy + dlsp) 






QPC 




STC 




RET 




RET 




SET 


h (Ml t 






DTT 








QPT 
OC 1 


b,reg 






RCT 


iVI 


RM 




SET 


WilXy ' 






R^T 








Ql A 








OCT 

nc 1 




RNZ 




OLA 


rog 






OCT 

nt 1 


□ 

r 


DD 

nr 




oLA 


ixy T aispi 






RET 


PE 


RPf 
nrc 




SRA 


(HL) 


— 




RET 


PO 


nrU 




SRA 


reg 






RET 


z 


RZ 




SRA 


(xy + disp) 






RETI 








SRL 


(HL) 






RETN 








SRL 


reg 






RL 


(HL) 






SRL 


(xy + disp) 






RL 


reg 






SUB 


data 


SUI 


data 


RL 


{xy + disp) 






SUB 


(HL) 


SUB 


M 


RLA 




RAL 




SUB 


reg 


SUB 


reg 


RLC 


(HL) 






SUB 


(xy + disp) 






RLC 


reg 






XOR 


data 


XRI 


data 


RLC 


(xy + disp) 






XOR 


(HL) 


XRA 


M 


RLC A 




RLC 




XOR 


reg 


XRA 


reg 


RLD 








XOR 


(xy + disp) 







— indicates that there is no corresponding instruction 
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Table 3-9. Unused 8080A Operation Codes and Their Z80 Meanings 



8080A Operation Coda 



ZSO Usa 



08 
10 
18 

20 (RIM on 80851 
28 

30 (SIM on 80851 

38 

CB 

D9 

DD 

ED 



FD 



EX AF.AF' 
DJN7 disp 
JR disp 
Jfi NZ.disp 
JR Z.disp 
JR NCdisp 
JR Cdisp 

BIT. RES, RL, RLC, RR, RRC, SET, SLA, SRA, SRL 
EXX 

All instructions involving Register IX. 



ADC 


HL.rp 


LU 


A,l 


NEG 


CPD 




LD 


A,R 


OTDR 


CPDR 




LD 


(addr),rp 


OTIR 


CPI 




LD 


l,A 


OUT 


CPIR 




LD 


R,A 


OUTO 


IM 


m 


LD 


rp,laddrl 


OUTI 


IN 


rog,{C) 


LDD 




RETI 


IND 




LDDR 




RETN 


INDR 




LDI 




RLD 


INI 




LDIR 




RRO 


INIR 








SBC 



All instructions involving Register lY. 
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